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CHAPTER I

INTRODUCTION

I-1. PURPOSE OF EQUIPMENT (Figure 1-1)

1-1.1. The MEC Model 75 Data Receiver accepts four channels of data which have been
transmitted over telephone voice lines, with time displacement, by MEC Model 74 Data

Transmitter. These four channels may have various delays with respect to one another as

determined at the transmitting site, with the limitation that the maximum delay does not

exceed 16 milliseconds. The data arrives via four separate routes and will encounter

additional delays of various amounts depending upon the types of transmission equipment

used enroute. Mtsalignment of the data is done in order to lessen the possibility of external

noise affecting all data lines in a like fashion once it leaves the source.

1-1.Z. Data is also accepted from a MEC Model 1585-IA Tape Recorder. The Receiver

aligns the time displaced data and has outputs to MEC Model 76 500 Bit Receiver. These
outputs consist of four pair of data lines, four pair of copy lines, and four pair of End-of-

Word (EOW)lines, aU of which Contain identical information. There are also four outputs

which provide data that has been filtered and amplified to MEC Model 1585-IA Tape Recorder.

I-2. SCOPE OF MANUAL

This instruction manual describes the MEC (Milgo Electronic Corporation) Model 75

Data Receiver, designed and manufactured by Milgo Electronic Corporation for International

Business Machines, Federal Systems Division, Kingston, New York, in conjunction with

Project Mercury.

I-3. PURPOSE OF MANUAL

I-3.1. This instruction manual is provided as an aid to better understanding the opera-

tion and theory behind the MEG Model 75 Data Receiver and its associated equipment. It

offers a complete technlcal explanation coupled with appllcable iUustratlons, with an estl-

rnation of the interest and questions of the qualified technician.

l-3.Z. It is strongly urged that the operator, or any person involved in the operation

of this equipment, thoroughly read and fuUy understand the contents of this manual

I-I
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CHAPTER II

GENERAL DESCRIPTION

2-1. GENERAL

The MEC Model 75 Data Receiver accepts four channels of data in serial form, aligns

the data and shifts it out in serial form, in addition to interrmlly generated copy pulses, to
MEC Model 76 500 Bit Receiver. The Data Receiver contains two Model 165-4C Power

Supplies, and should failure occur to the +12 volts or -20 volts of the primary supply, the

respective voltage of the standby supply is automatically switched into operation. The Data
Receiver also has facilities for testing most of its own circuitry.

2-2. PHYSICAL DESCRIPTION (Figure 2-1)

The Model 75 Data Receiver is housed in a standard rack approximately 74 - 1/8 inches
high, 24 inches wide, and 22 inches deep. Its weight is approximately 500 pounds. All chas-
sis are of modular construction and employ 50 pin connectors to effect the connection of each

chassis to rack wiring. All Chassis of a particular type are interchangeable, and they are
keyed making it impossible for insertion into an incorrect rack position. Rack Chassis are

locked in place by a single screw type locking handle.

2-3. INPUTS

The Data Receiver accepts modulate_ tone bursts of approximately 2 kc, at a 1 kc repeti-

tion rate from voice channels on balanced or unbalanced 600 ohm communication lines, equal-

ized for 1 kc data bit rate. Data may also be entered from a MEC Model 1585-1A Tape Record-
er which contains pre-recorded data of the same form. Data consists of 0.5 millisecond bursts_

EOW, a 4.5 millisecond burst. Input signal requirements are from -30 dbm to +10 dbm. Mini-

mum signal to noise ratio is in the order of 3:1 in the band pass range. Outside this band pass
range, attenuation should be at least 20 db per octave. The Data Receiver requires 120 vac
single phase at approximately 8 amperes as power inputs.

2-4. OUTPUTS

2-4.1. An output exists from each of the four Data Line Amplifiers which provides modu-

lated tone bursts that have been filtered and amplified for the purpose of recording the data on

magnetic tape.

2-1
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2-4.2. In conjunction with each of the four receiver outputs, there is a pair of output

circuits used for the output signal providing isolation on each of the lines to the Model 76

500 Bit Receiver. Therefore, there are 8 (4 pair) data outputs, 8 (4 pair) EOW outputs, and

8 (4 pair) copy outputs, for a total of 24 output lines. One output of a pair is designated A,

the other is designated B. There are also provisions for signal ground reference.

2-4.3. Outputs levels are as follows.

A Binary "I" is 0 volts

A Binary "0" is -17 volts _3 volts

Z-4.4. From any Control Chassis. a 350 microsecond cow _ul_e sh0uld follow the pre-

sence of data on the data lines by less than i0 microseconds. Copy pulse should have the
same relationship to EOW.

2-4.5. A form of visual checking in the Receiver is possible to the following extent. The

data neon indicators wUl show an increased intensity for a pattern of all L'l's*t as compared

to a pattern of alternate "lts'*. They wiU not light for a pattern of aU "0°s ''. The copy and

EOW indicators should n_atntain the same intensity £or all patterns.

2-3
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CHAPTER III

THEORY OF OPERATION

3-1. GENERAL (Figure 9-1)

3-1.1. The Model 75 Data Receiver contains, in effect, four individual receivers capable

of independent operation. Data on each channel enters a Data Line Amplifier, is detected,

delayed within the system, if necessary, for alignment with other channels of data, and sent

with an internally generated copy signal to the MEC Model 76 500 Bit Receiver. In the 500

Bit Receiver, three of the four channels are compared with each other and a composite data

bit is obtained on a basis of at least two of the three channels being alike and correct.

3-1.Z. The entire rack is powered by a single Model 165-4C Po,zer supply, with an addi-

tional supply in standby, which, in the event of failure to either the -20 volts or +lZ volts of

the primary supply, the respective voltage of the standby supply will automatically be switched

into operation. Facilities are also provided for measuring any of the internally generated

voltages of the system, which includes the +250 volts and -Z50 volts, generated in each of the

Data Line Amplifiers. Indicators are provided to indicate voltage failures in any of the Data

Line Amplifiers.

3-1.3. The Receiver contains a Test Pattern Generator for simulating data from the Data

Line Amplifiers for purposes of testing all four of the Control and Dual 17 Bit Shift Register

Chassis. Four automatic test patterns may be generated: All "O's", a "1 - 0" pattern, a

"0 - 1°' pattern, and a pattern of all '*l's °'.

3-1.4. Operate Mode - The Model 75" Data Receiver receives 4 channels of data from a

source which is transmitting identical data on all four channels. These four channels may

have various delays with respect to one another as determined at the transmitting site, with

the limitation that the maximum delay is not greater than 16 milliseconds. (Delays are set

in millisecond increments). The data arrives via 4 separate routes and will encounter addi-

tional delays of various amounts depending upon the routing and types of transmission equip-

ment used enroute. Misalignment of the data at the source is done in order to lessen the poss-

ibility of external noise affecting all data lines in a like fashion once it leaves the source. It

is convenient at this point to describe one of the four identical receivers within the receiver

rack itself, consisting of a Data Line Amplifier, a Control Chassis, and a Dual 17 Bit Shift

Register. (See Figure 9-1, Sheet 2 of Z).

3-1.4.1. Upon receiving information, the Data Line Amplifier separates the tone

bursts into data pulses and EOW pulses.

3-1
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NOTE

A pulse will occur on the data output of the Data

Line Amplifier for an EOW tone burst, and is followed
4 milliseconds later by a pulse on the E OW output.

This bit on the data output is not used as data.

The Data Line Amplifier also provides as an output, a clock signal in the form of a 1 kc sine

wave which is synchronized to incoming data. Clock, Data, and EOW from the Data LlneAm-

plifier enter the Control Chassis where they are delayed from 10 to 500 microseconds (referred

to as vernier delay) to align them with respect to the remaining three channels. Data then en-

ters a 4 bit shift register which compensates for the 4 millisecond time delay required to

recognize EOW, in order that EOW, going into the 17 Bit Shift Register from the ControlC_as-

sis, follows the last bit of data by one millisecond. There may still be a time difference in
millisecond increments, between data on the four channels.

3-1.4.Z. The 17 Bit Shift Register is used to complete the alignment of the data and

EOW on one channel with respect to another. The Shift Register shifts on pulses from the

Control Chassis which are derived from delayed clock. The Shift Register provides from 0

to 16 milliseconds of delay in millisecond increments for both data and EOW, delaying both

by the same amount. There are two outputs from each of the two Shift Registers, an A and

B data output, and an A and B EOW output, and it is here where redundancy is started for the

two outputs of each of the data and EOW signals to the 500 Bit Receiver. Each bit, fromthe

outputs of the 17 Bit Shift Register, is stored for slightly less than one millisecond in the Con-

trol Chassis as they appear at the output lines, during which time copy pulses are generated.

The output signals to the 500 Bit Receiver are composed of copy, data, and EOW. There are

two outputs for each of the signals from each Control Unit. The characteristics of these out-

puts are discussed in more detail under paragraph 3-3.6.

3-1.5. Test Mode- The system is put in test mode by selecting one of thetest patterns

on the Test Pattern Generator. When in test mode, the TEST PLAYBACK indicator 1401 is

lit, providing an indication to the operator that the system is not in operate mode. Con_rse-

ly, the test circuitry is inhibited when in the operate mode. To start generation of test pat-
terns after leaving the operate mode, it is necessary to press the TEST START pushbutton

$402. Test data is generated in sequences of approximately 500 milliseconds followed byEOW

in a repetitive pattern.

3-1.5.1. When operating in test mode in conjunction with the 500 Bit Receiver, all

Shift Reglsters should be set for identical delays. As data always is in serial form, the

patterns can only be verified with an oscilloscope. However, the patterns are visible on the
indicators of the 76 500 Bit Receiver.

3-i.6. Tape Recording Facilities - Incoming data to the Receiver may be recorded on
a MEC Model 1585-1A Tape Recorder, if so desired. The data is recorded while the system

is in operation and is furnishing data to the 500 Bit Receiver. The data is recorded in an
identical form to that when it is received from the telephone voice lines, that is, in tone

bursts, however, it is initially filtered and amplified prior to being supplied to the output

connector. The Tape Recorder may be used for re-running the data at a later date for further

analysis or test purposes.

3-2
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3-1.6. 1. Playback Mode - The Data Receiver is placed in the playback mode

by positioning the four OPERATE-SIMULATE toggle switches, located in the rear of the

rack,, to the SIMULATE position. The TEST-PLAYBACK indicators I401 (located on the

Test Pattern Generator Chassis), and 12 (located on connector mounting plate in tile rear

o£ the rack) will be on if any of the four switches are in the SIMULATE position. When

all four switches are in the OPERATE position, the two indicators will be off. This mode

is identical to the Operate mode (paragraph 3-1.4) with the exception of the source of data.

/

P8 P7 P_ P5

0 0 0OUTPUTS TO RECORDER- --'-/

P4 P3 ez PI

_DATA LINE INPl, Jl'.'5

DP4 bP3 DPZ OPl

DUMMY PLUG_

\

\

/

I

OPERATE GIMUI_A't F. :

/ \
L_SV -2Or OV + 12V

I

-BSV

\

' L!
L_.

-20V OV +l?_V

/

Figure 3-0. Operate-Simulate Switch Panel
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3-Z. DATA LINE AMPLIFIER, MEC MODEL 71-RA (See Appendix)

3-Z.I. Data on all four channels entering the Model 75 Data Receiver initially enters

the Data Line Amplifiers. The Data Line Amplifiers separate the incoming tone bursts into

data pulses and EOW pulses, and also provides as an output a clock signal in the form of a

I kc sine wave which is synchronized to the incoming data.

3-Z.Z. The Data Line Amplifier has facilities for accepting a SOW burst, however,

SOW is not required in this system. EOW burst is a 4.5 millisecond burst at Z kc. Data
"I" is comprised of 1 cycle at 2 kc.

3-Z.Z. A delmiled description of the Model 71-8/% Data Line Amplifier may be found in the

Appendix of %hls manual.

3-5
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3-3 .  CONTROL CHASSIS, MEC Model 75-6A (Figures  3-1, 9-4, and 9-5) 

3-3. 1. The Control Chassis receives data,  EOW, and clock from the Data Line 
Amplifier, provides delays for vernier alignment of these inputs and generates  shift  pulses.  
Data and EOW a r e  then delayed for major increment alignment in  the Dual 17 Bit Shift 
Register.  The Control Chassis a l so  accepts data and EOW from the 17 Bit Shift Regis ter  
and provides them a s  outputs to  the 500 Bit Receiver ,  with copy pulses which a r e  generated 
in  the Control Chassis.  

3-3.2. In the Operate mode, data, in  the form of positive pulses f rom Data Line 
Amplifier, en te rs  the Control Chassis at pin 1 of P601. 
respect  t o  positive pulses with -20 volts at i t s  plate. 
N616 at pin 3. (The procedure for adjusting this and other variable one-shots i n  the Control 
Chassis i s  described under CHAPTER IV, OPERATION). 
5, after the des i red  delay, becomes positive and t r iggers  a 20 microsecond one-shot, N601, 
which produces a positive pulse for inserting data into core  M601. 
limiting r e s i s to r  limiting the core  setting cur ren t  to approximately 10 ma. 
through cores  M601 through M604 and out of the Control Chassis via pin 12 of P601 to  the 
Dual 17 Bit Shift Regis ter  Chassis.  
sis and the Dual 17 Bit Shift Register Chassis ,  a r e  generated f rom the 1 kc  f rom the Data 
Line Amplifier which en ters  the Control Chassis  onpin 3 of P60 l .  Diode CR603 i s  backbiased 

Diode CR601 is back biased with 
Data pulses t r igger  variable one-shot 

The output of one-shot N616, pin 

Res is tor  R603 is a s e r i e s  
Data i s  shifted 

The shift pulses to  the cores ,  both in  the Control Chas- 

D S 6 0 1  / 

O S 6 0 3  / 

\ D S 6 0 2  

\ O S 6 0 4  

\ O S 6 0 5  

\ R608  

Figure 3-1. Control Chassis  
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in the operate mode with approximately -10 volts on its plate. The incoming 1 kc, in the

form of a sine wave, enters pin 3 of Schmitt Trigger N602. The Schmitt Trigger output at

pin 5 approximates a square wave which is out of phase with the input. Variable one-shot

N603 triggers on the positive going output from the Schmitt Trigger. Referring to Figure

3-2 the relationship between data and clock can be seen. Variable one-shot N603 has been

set to align its positive going trailing edge with the three remaining receivers. This action

determines the setting of one-shot N616, which is adjusted to produce data insertion into

core M601 approximately 500 microseconds following delayed clock which produces a shift

pulse, or, more specifically, half-way between shift pulses. The output of N603, at pin 5,

on its positive going edge, triggers the 10 microsecond one-shot N604. N604 goes positive

at its output, pin 7, when triggered. This pulse is used to reset the flip-flops receiving

data from the 17 Bit Shift Register. The positive going trailing edge of the pin 5 output of

N604, is a-c coupled to emitter follower N605 through capacitor C610 and resistor R612.

Diode CR604 is used for fast discharge of C610 ona negative going pulse so that 10 micro-

seconds later, when the incoming pulse goes positive, there will be a full amplitude pulse
at the output of the emitter follower N605 (pin 3). This emitter follower drives three core

drivers, N606 in the Control Chassis, and N601 and N604in the Dual 17 Bit Shift Register

Chassis. Core driver N606 in the Control Chassis is used to shift cores M601 through

M604. The four cores, when shifted at 1 kc, provide 4 milliseconds of delay for incoming

data. Since it takes 4 milliseconds to recognize an LOW code burst, LOW from Data Line

Amplifier will occur 5 milliseconds after the last data bit of a message. (LOW code burst

starts one millisecond after the last data bit. ) With the 4 milliseconds of delay just men-

tioned, the last bit of data will enter the Dual 17 Bit Shift Register one millisecond before

LOW. To state it another way, LOW will enter the register coincident with a dummy one

bit that occurs on the data line from Data Line Amplifier at the beginning of an LOW code
burst.

3-3. 3. LOW from the Data Line Amplifier enters the Control Chassis at pin 2 of
P601. R610 and R609 provide cathode resistors to -Z0 volts for the ]EOW cathode follower

in the Data Line Amplifier. LOW pulses trigger variable one-shot N617 at pin 3. Resistor

R650 is adjusted to provide a positive going trailing edge approximately between shift pulses

derived from delayed 1 kc. The output at pin 5 of N617 triggers one-shot N618, a Z0 micro-

second one-shot, which inserts LOW into core M60Z in the Dual 17 Bit Shift Register Chas-

sis. R651 is a series limiting resistor limiting the core setting current to approximately

I0 ma. {See Figure 9-3 for waveforms of data and LOW to 17 Bit Shift Register.)

3-3.4. At this point it has been shown how data and EOW arrive at the Dual 17 Bit

Shift Register and how shift pulses are generated. The remaining circuitry in the Control

Chassis deals with the data after it leaves the Shift Register, having been delayed an inte-

gral number of milliseconds.

3-3.5. Data returns to the Control Chassis via two separate lines from the Shift

Register. Both lines contain identical information in each case and are identified as A and

B. The A and B data lines enter the Control Chassis on pins 8 and 4 of P601, respectively.

The A data sets flip-flop N607 at pin 3; the B data sets flip-flop N609 at pin 3. The outputs,

at pin 8, of these flip-flops drive emitter followers which serve as outputs of the system to

the 500 Bit Receiver. (See Figure 9-3 for data waveforms to B shift register.) Data

leaving the 17 Bit Shift Register occurs shortly {approximately 6 microseconds) after the
shift pulse is initiated.

3-8
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3-3.6. Flip-flops N607 through N610 in the Control Chassis are reset I0 micro-

seconds before a shift pulse is generated with the leading edge of one-shot N604. Therefore,

the flip-flops will be reset less than Z0 microseconds before they receive new data. Flip-

flops N608 and N610 receive EOW A and EOW B in a manner identical to the data flip-flops

just mentioned. The EOW flip-flops also have emitter followers from their outputs at pin 8

for the purpose of providing EOW outputs to the 500 Bit Receiver. (See Figure 9-3 for EOW

waveform to B Shift Register. )

3-3.7. A copy pulse is sent with data to the 500 Bit Receiver to indicate when new

data is appearing. The copy pulse must not occur until after the data lines have received

new data. The positive going trailing edge of one-shot N604 at pin 5, which initiates a shift

pulse, also triggers one-shot N611. N611 generates a copy pulse on its positive going trail-

ing edge after 10 microseconds by triggering one-shot N612 at pin 3, which is a 200 micro-
second one-shot. The output of N612 at pin 7 drives two emitter followers which provide

isolation on the two copy lines to the 500 Bit Receiver, which are the outputs of the two

emitter followers. (See Figure 9-3 for copy waveform to AShift Reglster.)

3-3.8. In test mode the Control Chassis functions in an identical manner to that

previously discussed, with the exception that artificially generated data and EOW are used

to replace outputs from the Data Line Amplifier. The 1 kc oscillator in the Data Line Am-

plifier operates continually, even during data absence, producing an output from which test

data may be derived. Since there is no synchronization between the four Data Line Ampli-
fiers, one of the Data Line Amplifier clocks is used for generating test data for all four

receivers. Data Line Amplifier 1 is arbitrarily selected to provide 1 kc for generating

test data. When the Test Pattern Generator is set for one of the test patterns, -20 volts is

removed from pin 40 of P601 on Control Chassis, 2, 3, and 4. This puts +lZ volts through
resistor R604 and diode CR603 at the input of Schmitt Trigger N60Z in these three chassis.

Control Chassis l, however, has pin 40 jumpered to -20 volts and does not affect the Schmitt

Trigger during test mode. It continues to operate on 1 kc from Data Line Amplifier 1. The

output of Schmitt Trigger N602, pin 5, in Control Chassis l, is connected through resistor

R607 to pin 41, which is the input to the Test Pattern Generator for deriving data and 1 kc

pulses. The generated I kc pulses in the Test Pattern Generator enter Control Chassis 2,

3, and 4, on pin 41. In this way the one-shot N603 in all four Control Chassis are operating,

for all practical purposes, in unison.

3-3.9. When generating test patterns, -20 volts is removed from the test data line,

pin 38 in the Control Chassis, and positive pulses representing test data appear at pin 38.

(See Figure 9-3 for Test Data waveform.) In a similar fashion, on pin 39, during test

pattern generation, -20 volts is removed and test EOW pulses occur at pin 39. (See Figure
9-3 for Test EOW waveform. )
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3-4. DUAL 1 7  BIT SHIFT REGISTER, MEC MODEL 74-66 (Figures  3-3, 9-6 and 9-7) 

3-4.1. The Dual 17 Bit Shift Register delays data and EOW on any channel, if  neces- 
sa ry ,  for purposes of aligning the channel with respect  to the remaining channels. This 
action compensates for delays between channels initiated at their  source,  and delays en- 
counteredenroute  to the Receiver. 
i n  mill isecond increments ,  for both data and EOW. 

The chassis  provides delays of up to  16 mill iseconds,  

3-4.2. N601 and N604 a r e  core  dr ivers  used to  shift the cores  in  the chassis .  A 
t r igger  pulse is required on pin 1 of P b O l  to  t r igger  both core  dr ivers .  
in  M619 through M635, while EOW is delayed in  M602 through M618. 

Data i s  delayed 

3-4. 3. Data "1's" a r e  inser ted in the input winding, pin 8, of the first core  M619 on 
the d a t a  delay cores .  
M602, i n  the EOW delay cores .  
to the next core .  

EOW "1's" a r e  inser ted on the input winding, pin 8, of the f i r s t  core ,  
The output of each core t rave ls  to  two switches i n  addition 

3-4.4. Each switch is a two pole, 16 position, rotary switch, with data on one se t  of 
stationary contacts and EOW on the other se t  of stationary contacts. Each contact on the 
data pole of the switch corresponds time-wise to  the contacts on the EOW pole. 
P in  4 on the data side originates f rom the output of the 4th data core ,  and pin 4 on the EOW 
side f r o m  the output of the 4th EOW core. This means that i f  pulses a r e  i n s e r t e d  in  both 
EOW and data cores  a t  the same t ime,  they will both appear a t  the proper  No. 4 pin, four 
t ime s lots  (four mill iseconds) la ter .  The ro ta ry  contact of each pole is connected to  the 
inputs of separate  flip-flops in  the Control Chassis ,  and each will a r r i v e  delayed by four 
t ime slots.  

F o r  example: 

S 601 - 

t 

Figure 3-3. Dual 17 Bit Shift Regis ter  

- S 602 
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3-4.5. The output of each core is connected to two double pole, 16 position switches,

wired as described above. In this fashion, the two outputs for data and EOW, required for

each input, are obtained. Both switches must, therefore, be set for identical settings for

proper operation. The rotary contacts are also connected to one-shots in the 17 Bit Shift

Register Chassis. Both EOW contacts are connected to 100 millisecond one-shots, while

the data rotary contacts are connected to 200 millisecond one-shots, These one-shots drive

neon indicators located on the front panel of the chassis, providing visual indication of data

and EOW being sent to the Control Chassis. Each time a pulse is sent to the Control Chassis,

the indicator will light; the data indicators staying on for 200 milliseconds and the EOW

indicators staying on for 100 milliseconds.

3-4.6. The positions of the delay switches on the front panel are numbered 0 through

16. These figures represent the amount of time delay. Since the cores are shifted every

millisecond, the switches indicate delay in milliseconds.
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3-5. TEST PATTERN GENERATOR, MEC MODEL 75-4A (Figures  3-4, 9-8 and 9-9) 

3-5.1. The Test  Pa t t e rn  Generator generates four selectable pat terns  of ar t i f ic ia l  
data bits in  the form of approximately 500 millisecond bur s t s ,  followed by an  art if icially 
generated EOW pulse. 
one of the four t e s t  patterns.  

Switch S401, on the front panel, is used t o  select  operate mode or  

3-5.2 N401A and B are cross-coupled amplifiers which make up a 500 mill isecond 

If  S401 i s  in  the OPERATE position, a positive 
free-running multivibrator (FRMV). 
through r e s i s to r  R410 to pin 2 of N401A. 
voltage is applied through S401A, CR401A, CR404, and R407 keeping pin 2 of N401A 
positive and preventing N401 f rom functioning a s  a multivibrator.  When S401 is placed in  
any of the tes t  pat tern positions, pin 2 of N401 i s  biased negatively through R409. 
the TEST-START pushbutton i s  pressed ,  the t 1 2  volts to pin 2 of N401 initiates the mult i -  
vibrator action. 

The TEST START pushbutton S402, applies t 1 2  volts 

When 

3-5. 3. One-shot N402 receives 1 kc f rom the Schmitt Trigger ,  N603, in  Control 
It generates 100 microsecond pulses a t  a 1 kc range. The one-shot i s  kept Chassis #1. 

off during operate mode by applying approximately t 1 2  volts to pin 6 through diode CR412 
f rom switch S401A in a s imi la r  fashion to that just  described for  N401. The output of N402 
at pin 7 provides 1 kc to Control Chassis 2 ,  3, and 4 during tes t  mode, and i s  a l so  the out- 
put used for  generating a data pattern of a l l l l l ' s l '  through position 5 of S401B. 
of N402 a t  pin 5 dr ives  the count input of flip-flop N403. 
the alternating data patterns.  

The output 
The two outputs of N403 provide 

I401 - - S40l 

-S402  

Figure 3-4. Test  Pa t te rn  Generator 
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The pin 5 output is usedfor a datapattern "0-I" to position 3 of S401B. The pin 8 output in
a like fashion, providesa "I-0" datapattern to position 4. In addition, this output is used
to synchronize EOWwith data, as described in the following paragraph.

3-5.4. When pin 4 of N401Ais at -20 volts, the junction of resistors R406 and R403

is approximately -20 volts. With diode CR407 biased in this fashion, a pulse from pin 8 of

flip-flop N403 cannot trigger flip-flop N404. When pin 4 of N401A rises to 0 volts, the

junction of R403 andR406 is approximately -2 volts. The next occurring positive pulse

from pin 8 of flip-flop N403 triggers flip-flop N404 at pin 3. Pin 8 of N404 goes positive at

this time, generating a pulse to emitter follower N405Awhich produces a test EOW pulse

to the four Control Chassis. Approximately 250 milliseconds later, pin 5 of N401B goes to

0 volts. With a gating circuit identical to that just discussed, the next positive going pulse

at pin 8 of N403 triggers flip-flop N404 at pin 6, causing the output at pin 8 to return to -20

volts, thereby preparing the flip-flop for a repetitive cycle. For clarity, the functions of
each deck of switch $401 will be described.

3-5.4. I. S401Ahas approximately +12 volts on the wiper in the OPERATE

position (position I). This biases off the FRMV N401 and the one-shot N40Z. In addition,

S401A energizes relay K401 which controls the voltage to the TEST-PLAYBACK indicator,

1401. The lamp has 110 vac applied to it when the relay is de-energized. In positions 2, 3,

4, and 5, S401A has -20 volts on the wiper, the bias is removed, and the relay has 0 volts

across the coil. In order for the relay to be energized, the 4 input connectors must be in

place, as they provide, as an interlock function, -20 volts to one side of the relay coil.

3-5.4.2. The wiper of S401B is the data output to the Control Chassis in the

test pattern positions. In position I, -20 volts is applied to the wiper, which back biases

diodes in the Test-Data output lines. Position 2 applies +IZ volts to the wiper for all "O's".

Positions 3 and 4 receive alternate data patterns from flip-flop N403. Position 5 receives
a11 "l"s from one-shot N402.

3-5.4.3. $401C applies -20 volts to the test gate inputs of Control Chassis Z,

3, and 4, when in the OPERATE position. This back biases CR603 in the Control Chassis,

allowing the Schrnitt Trigger to operate normally on clock from the Data Line Amplifier.

In positions Z, 3, 4, and 5, this connection is open, and diode CR603 biases off the Schmitt

Trigger from +12 volts. This switch is connected only to Control Chassis 2, 3, and 4, as

the Schmitt Trigger in Control Chassis 1 functions normally in test modes.
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3-6. SWITCHOVER CHASSIS, MEC MODEL 75-5A (Figures  3-5, 9-10, and 9-11) 

3-6. 1. The Switchover Chassis monitors the t12  volt and -20 volt outputs of the 
pr imary  Power Supply and automatically switches either voltage f rom the secondary supply 
to the system if the pr imary  voltage deviates f rom i ts  l imits .  
with the -20 volts. ) 

(The -85 volts i s  switched 

3-6.2. The A supply (right hand supply) is the pr imary  supply. As long a s  me te r  
re lay MV501 i s  within l imits ,  voltage i s  not applied to  terminal  C or E. 
consisting of r e s i s to r s  R504 and R509 provides a positive voltage to pin 2 of pulse amplifier 
N501A, causing the t rans is tor  to be turned off. The output, pin 4, i s  at -20 volts i n  this case ,  
and there  i s  no drop ac ross  relay K501. With K501 de-energized, re lay K504 has  a n  open 
connection to  i t s  coil, (pins 4 and 5 of K501), and $12 volts f rom the A supply, 
of P501) is connected to  pins 43 and 44 which supply t 1 2  volts to the 12 volt bus. 
volts f rom the A supply go off l imits as se t  on MV501, contact i s  made between D and E or  
D and C of MV501. 
ducing a negative voltage at pin 2 of pulse amplifier N501A, thereby turning on the t rans is tor .  
The output, pin 4, then goes to 0 volts, energizing K501 which in turn  supplies -20 volts 
through contacts 4 and 5 to re lay K504. When K504 i s  energized, t 1 2  volts f rom the B supply 
i s  connected t o  the 12 volt bus through contacts 2 and 3 of K504. 
plies power through contacts 2 and 3 to 1504, indicating that t l 2  volts i s  off l imits .  
K504 i s  energized, power i s  supplied through contacts 4 and 5 to I502 indicating t12  volt 
switchover. The switchover may be returned to the original state with pushbutton S501, 

The voltage divider 

(pins 4 and 5 
Should $12 

This applies -20 volts through the me te r  re lay contacts to  R503, pro-  

Energizing K501 a l so  sup- 
When 

MVSOI MV 502 

F501 - 

I502 - 

I503 - 

- S501 

- 1501 

- I505 

- I504 
I "  "r. 

Figure 3-5. Switchover Chassis 
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which interrupts the emitter return to 0 volts of N50IA through terminals 1 and 2 of the

pushbutton, and by so doing, removes current from K501. This, in turn removes -Z0 volts

from pin 8 of K504, and returns the A Supply to the connection to the +12 volt bus.

3-6.3. When -20 volts is within limits, meter relay MV502 does not make contact be-

tweenDand C or D and E. The -20 volts is connected to pin 7 of NS01B through resistors

R506, R507, and R508. This biases the transistor in pulse amplifier N501B into saturation,

energizing relay K597. When K507 is energized, the -20 volt indicator, I505 is extinguished

by the opening of contacts I and Z, and contacts 5 and 6 are open, leaving no current path

through the coil of K503. When K503 is de-energized, contacts 1 and 2 supply -20 volts to

relays K505 and K506 which connect -20volts from theAsupply to the -20 volt bus. (Relay

K506 also connects -85 volts from the A supply to the -85 volt bus.) When -20 volts is

applied to the -20voltbus, relay K502 is energized, shorting out series limiting resistor

R51Z. When -20 volts from the A supply goes off limits, meter relay MV502 applies +12

volts to terminal D, biasing pin 7 of pulse amplifier NS01B positive, turning NS01B off,

and removing current from relay K507. When relay K507 is de-energized, I505 indicates

that -20 volts is off limits. Contacts 5 and 6 of K507, which provide a current path to

0 volts from -20 volts for relay K503, are closed, energizing K503. When K503 is ener-

gized, contacts 1 and 2 open, removing power from relays K505 and K506, which discon-

nects the -20 volts and -85 volts from the A supply, and connects the B supply to the wires

of the respective busses. Relay K503, when energized, also supplies power to I503, in-

dicating switchover of the -20 volts and -85 volts. When -20 volts to the bus momentarily

drops, relay K502 is de-energized, opening the contacts across series limiting resistor

R512 and closing the contacts across limiting resistor R511. As power is returned to the

bus, K502 is again energized, this time from the B supply, and R512 is again gnorted through

the relay contacts. Relay K508 is connected between the outputs to the +IZ volt bus and the

-20 volt bus, and is energized as long as bothvoltages are present at the busses. This re-

lay controls power to 1501 which indicates when d-c power is on.

3-6.4. Resetting to the A supply is accomplished with pushbutton $501. The circuit

operation when resetting +12 volts has already been discussed. When the pushbutton is

pressed for -20 volts and -85 volts, +12 volts is removed from meter relay MY502, allow-

ing pulse amplifier N501B to return to its saturated state, which causes all relays in the
-20 volt switchover circuitry to return to their initial conditions.
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3-7. POWER CONTROL CHASSIS, MEC MODEL 72-7B (Figures 3-6, 9-12 and 9-13) 

3-7.1. The Power Control Chass i s  provides the means for switching a-c power to the 
rack, measurement of all internally generated voltages, and has indicators to provide visual 
detection of power failures in the Data Line Amplifiers. 

3-7.2. AC power is switched to the system via switch S701. When power is on, neon 
DS701 is on. Diode CR701 rectifies the a-c for measurement. Meter MV701 and switch 
S702 a r e  used to measure 12Ovac, the 3 d-c voltages f rom both A and B supplies (+12 volts, 
-20 volts, and -85 volts) and the t250 volts and -250 volts generated within each of the four 
D a t a  Line Amplifiers. MV701 is a 1.2 ma. meter .  By limiting the current  f rom each voltage 
to 1 ma. with an  appropriate 1% resis tor ,  all voltages read approximately"10"on the meter ,  
representing loo%, when properly adjusted. Fo r  optimum usage of the meter ,  however, the 
procedure in the following paragraph is recommended. 

3-7.3 Using an  external meter  such as a Simpson Model 270 o r  Triplett Model 630, 
This is d i s -  correct ly  se t  each of the 3 d-c voltages of both supplies while under load. 

cussed under CHAPTER IV, OPERATION. The voltages a r e  brought out to the front of the 
power supply and clearly identified via test jacks TJ401 through TJ404. Record the read- 
ing of panel meter  MV701 for all voltages on the VOLTAGE SELECTOR switch. The record- 
ed readings may now be used to determine any discrepancy of system voltages. In general, 
the t12 volts, -20 volts, and -85 volts will read " 1 0 " ~  3%. 
5 5%; the -250 volts will read " l O "  i 5%. 

The t250 volts will  read "9.5" 

M V 7 0 1  

-v- \ D S 7 0 2  - DS709 
S702 

\ 
S701 DS701 

Figure 3-6. Power Control Chassis 
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3-7.4. There are eight neon indicators for monitoring the +250 volts and -250 volts

from the Data Line Amplifiers. One group will be described. The four +250 volt lines are

"or" gated through diodes CR702, CR703, CR704, and CR705. The common point of these

diodes provides power to all four of the indicators, DSTOZ, DS703, DS704, and DS705 through

100K limiting resistors. As long as power failure does not occur, each indicator has +?.50

volts applled to both sides and remains off. Should one supply fail, one side of the neon

loses +ZS0 volts and lights. A ground path is provided, using 100K resistors to ground in

case the Power Supply failure is an open.
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CHAPTER IV

OPERATION

4-I. General - When all connectors are properly connected and a-c power is supplied to
the Receiver, place a-c power switch $1, located at the rear of the rack, to the ON position.

A red indicator II, adjacent to the switch, indicates when power is on (see Figure 4-1). This

switch controls the IZ0vac to the Power Control Chassis, MEG Model 7Z-7B. Switch on a-c

power to the system via switch $701, located on the front panel of the Power Control Chassis.

A neon indicator DS701 located above the switch indicates when power is on. Power indicators

on each of the Data Line Amplifiers will be llt at this time. The power supply check indi-

cators on the Power Control Chassis should not be Iii. The DG ON lamp on the Switchover
Chassis will be lit, as well as SWITCHOVER and VOLTAGE OFF LIMITS indicators.

4-2. General Checkout Procedure - Set the VOLTAGE SELECTOR switch $701 to AC. The

meter, MV701, should read "10" + I0_. Check and set the B Power Supply voltages using

a Triplett 630NA VOM or equivalent. (The designation A refers to the left hand supply; B
the right hand supply.) Press RESET pushbutton $501 on the Swltchover Chassis. The

SWITCHOVER and VOLTAGE OFF LIMITS indicators will now go out. Check and set A

Power Supply voltages. Once these voltages have been set, the readings will not vary more
than _ 3_. The +Z5O volt readings should indicate 9.5 13%.

4-Z.1. In checking Switchover operation, remove the a-c fuse from the A supply. The

meter relay pointers will drop indicating Power Supply failure, and SWITCHOVER and

VOLTAGE OFF LIMITS indicators will light. When the fuse is replaced and the RESET

pushbutton pressed, the meter relays will return to a normal reading and the two indicators

will go out.

4-2.2. In checking power supply check indicators located on the Power Control Chassis

(for voltages generated in the Data Line Amplifiers), remove the a-c fuse from one Data Line

Amplifier. The corresponding indicators for +250 volts and -Z50 volts will light. (The units

are numbered 1 through 4 from left to right.) Turn power switch $701 on the Power Control

Chassis off before replacing the fuse. The RESET pushbutton should be pressed each time
power is restored. At least one of the Data Line Amplifiers must have power on in order

for the indicators to operate, as power for the indicators is supplied by any or all of the

functioning Data Line Amplifiers.

4-Z.3. Set the PATTERN SELECTOR switch on the Test Pattern Generator to the ONE'S

position and press the TEST START pushbutton $402. The TEST PLAYBACK indicator will

be llt. (For the following checks the Data Line Amplifier inputs, Pl through P4, at the rear

of the rack should be removed.) Set all four core drivers (shift)for minimum delay by

turning potentiometer R608, located on the front panel of the Control Chassis, counter-

clock'wise as indicated on the front panel. For the following adjustments a Tektronix

Oscilloscope Type 545A with CA plug-ln, or equlvalent, is required. The following described
test jack Iocatlons are in the Control Chassis. Using test EOW as synchronization (TY601-39),

compare EOW insert (T:T601-35) on A trace with core drive (TJ601-5 or 6 in 17 Bit Shift
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Register Chassis) on B trace. Adjust EOW delay potentiometer R650 until EOW insert is

interlaced between two core drives. (It is necessary to remove the chassis and use an

extension cable for this and the following adjustment. ) Using the same synchronization,
compare data insert {pin 7 of N601)with core drive (T-J601-5 of the 17 Bit Shift Register}.

Adjust data delay, R648, until the data insert one-shot is interlaced between core drives.

Repeat both of the above adjustments for all four Control Chassis. At this point, all data

and copy indicators will glow. EOW indicators will flash at approximately 2 cycles per
second.

4-2.4. Set all Shift Register Chassis for a maximum delay of 16 milliseconds. This
provides checking for the maximum possible amount of circuitry.

4-2.5. The next check to be described is at the data outputs to the Model 76 500 Bit
Receiver. A binary "1" is 0 volts; a binary "0" is -20 volts. As the data flip-flops are

reset approximately 10 microseconds before each core drive, with a data pattern of all

"l's", the A and B data outputs (TJ601-16 and 34) should be at 0 volts continually, with
approximately -20 volt pulses, I0 microseconds wide, occurring at 1 millisecond intervals.
Check all four Control Chassis.

4-2.6. The A and B copy pulse outputs (T J601-13 and 14) are 200 microsecond
positive pulses Ibinary "1") occurring at 1 kc. Check all four control chassis. The A and

B EOW outputs {T J601-13 and 14) are positive pulses approximately 1 millisecond wide,
occurring approximately every 500 milliseconds. Check all four Control Chassis.

4-2.7. Switch the PATTERN SELECTOR switch $401 to a "1-0" pattern. Copy and

EOWindicators should appear the same as for a data pattern of all 500 Bit Receiver "l's".

Data indicators will decrease in intensity. When operating in conjunction with the 500 Bit
Receiver, the test pattern will be visible on its indicators. Changing to a "0-1" pattern
will provide the same indications as a "1-0" pattern in the Data Receiver, however, the
pattern will change in the 500 Bit Receiver.

4-2.8. Select the O's pattern. All data indicators will be extinguished, however, EOW
and copy indicators will not change in appearance.

4-2.9. The preceding exercise checks the system to ascertain that it is functioning
properly. It is not necessary to perform all the steps each time the system is operated.

For example, voltages may be checked periodically, but do not necessarily require re-
adjustment each time the system is turned on, once they have been set. This completes

the test portion of system operation.

4-3. Operate - Connect the data input lines at the rear of the rack. Set all shift registers
for a 0 millisecond delay. Switch the PATTERN SELECTOR switch to OPERATE. Adjust

all four Data Line Amplifiers as described under paragraph 2-8 in DATA LINE AMPLIFIER,

APPENDIX. It is necessary to have a test pattern transmitted from the Model 74 Data

Transmitter to provide incoming data to the Data Line Amplifiers.

4-3.1. Examine all four EOW outputs from the Shift Register Chassis (TJ601-8 or 9}

and determine their relative positions. {The four Shift Register Chassis are numbered 1,

2, 3, and 4 from left to right, top pair first. } This is most easily accomplished with a

trial and error procedure of using one of the four for synchronization and observing the

remaining EOW pulses until the first incoming EOW pulse is found. This may then be used

for synchronization and the relative positions of the remaining EOW pulses may be deter-

mined. It is desirable to first set the millisecond increment delay so delays of less than
one-half millisecond are more readily determined. The following examples describe how

this is accomplished.
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4-3.2. Figure 9-2(A) illustrates four possible EOW outputs as seen at the output 0,f

the 17 Bit Shift Register Ghassis. These pulses are not necessarily delayed in any order_
nor are they separated by exact millisecond increments. The adjustment being described

is to align these pulses to the nearest half millisecond. To accomplish this it can be see_

that #1 must be delayed 4milliseconds; #2, 9 milliseconds; #3, 0 milliseconds (#3 already

has the largest delay of all4 lines}, and #4, 10 milliseconds. (Bot!) switches on each 17 Bit

Shift Register are set for the same delay. ) Figure 9-2(B) illustra'tes ,ho w the EOW pulses

appear after the appropriate delays have been set. The pulses nOW all occur within 500

microseconds. It is now possible to determine which lines must be adjusted to accomplish

vernier delay. In the example, as the #1 line already has the greatest remaining delay,

lines #2, #3, and #4 should be delayed to line up with #1. Synchronize on #1 EOW, TJ60I

pin 8 or 9 of Shift Register Chassis 1, and observe core drive of #1 (TJ601-6 in the Shift

Register Chassis) and core drive of #2. Adjust potentiometer R608 on the front panel of

Control Chassis 2 until the two are aligned. If jitter exists on the two lines, the delay ad-
justment should be determined on a basis of minimum excursion from #1, rather than an

adjustment making the two occur simultaneously most of the time. Repeat the delay adjust-

ment on Control Chassis 3 and 4 aligning them with #1. If Control Chassis 1 was properly

set for testing, it is not necessary to make further adjustments on it. However, Control

Chassis 2, 3, and 4must have data and EOW delay adjustments reset in order to insert data

and EOW mid-way between core drives. This adjustment is described under paragraph 3-3.5.

Referring to EOW outputs from the 17 Bit Shift Register, these pulses should now be aligned
and excursion due to jitter should not exceed ±125 microseconds.
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CHAPTER V

INSTALLATION

5-I. Provisions should be made to supply the Model 75 D_ta Receiver with 120 vac, 80

cycles, single phase at approxirrmtel y 8 amperes as power inputs. The Receiver receLves
a-c power through YI8 at the rear of the rack.

5-2. The rack should be installed on a reasonably flat surface and if it is to be installed
near a wall, its rear portion should not be less than three feet from the wall. This enables

easy access to the rack through the rear door.

5-3. Adjustments and procedures to be executed prior to operating the equipment will be
found in CHAPTER IV, OPERATION. Wire size and cable information will be found in

CHAPTER VIII, WIRE LIST.
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CHAPTER VI

MAINTENANCE

6-1. No special considerations are needed for maintenance of this equipment. However,

normal failure of individual components may be expected and can be located through normal
maintenance operations. Values of all major component parts used in the chassis are indi-

cated in CHAPTEII VII, PARTS LIST. The indicators located on the front of the chassis give

indication of malfunction in most cases. By observing these indicators during normal opera-
tion, it is possible to determine quickly in which chassis the trouble is located and in which
portion of the chassis the trouble is contained. Error detector meters in the 500 Bit Receiver

may be used as an aid in _letermining improper adJuptrnent or equipment failure in the
Receiver.

6-2. The only preventive maintenance necessary is the cleaning of the Blower filter approxi-

mately once every thirty days. The filter should be removed and cleaned in a solution of

warm water and detergent. Periodic tube testing, either with a tube tester or by merely

substituting known good tubes, should be carried out. Lf relays or other electro-mechanical

devices do not function properly with normal adjustments, the complete sub-assembly should

be replaced and the maHuncttoning unit returned to the manufacturer for possible repairs:

6-3. It is strongly urged that this instruction handbook be thoroughly read and completely

understood before operating the equipment.

6-1
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ffEM REFER.

NO. DESIG-

NATOR

i-i

l-g FI, FZ

1-3 Ii

1-4 IZ

i-5 J18

I-6 J19, lz0

1-7 Pl -P4

DPl -DP4

1-8 1'5-!:'8

i-8

Cont t ,

1-9 SI

I-I0 SII-

S14

I-II TBI

1-12 XF1,XF2

1-13 Xll,Xl2

NO.

MFG. AND
PART NO.

MEC

75-1AA

Bussmann

FNM

Dialight

6S6 DC

Dialight

6S6 DC

Cannon

MSSI 0ZA-18-1

Cannon

MS3106B-18-1

Cannon

AN3057-10

Cannon

MS31OZA-ZZ-I

Cannon

MS3106B-ZZ-14

Cannon

AN3057-1Z

Cannon

MS310ZA-14S-5

Cannon

MS3106B-14S-5

Cannon

AN3057-6

Switchcraft

C-ll

.Contl d. -

Swltchcraft

440

Cutler Hamme
ST52N

Cutler Hamme

7665K4

Cinch Jones
2-140

Bussmann

HPC

Dtaltght
103-3502-121]

2 3 4

DESCRIPTION

6 7

DATA RECEIVER

,scent, Bayonet Type

,scent, Bayonet Type

e, 25 Amp, 125V

e, 4DPDT

DER, Dome Type,

pe Lamp.

Red Lens for

Rev. 6/15/61

1

Z

1

1

1

1

1

2

2

2

8

8

8

4

4

1

4

1

2

2



Rev. 6/12/62

I 2

ITEM REFER.

NO. DESIG-
NATOR

6-1

6-Z C601, C606

C607

C610-C613

C615

C617-C6Z0

C62Z

6-5 C602, C604

C609

6-4 C605

C608

6-5 C614

6-6 C616

C6Z7

6 -7 C6Zl

6 -8 C623

4A4 5_

6-9 C6Z4

6-10 C6g5

6-11 C6Z6

6-1Z C6g8

6-13 C605

6-14 CR601 -

CR613

6-15 CR614

6-16 DS601 -

DS603

6-17 1601

6-18 K601

3

CLASS _TOCK

NO.

4

MFG. AND

PART NO.

MEC

75 -6B

MIL

CM-19B-10ZK

MIL

CM-19B-ZOZK

Cornell-

Dubilier

PM4PI

MIL

CM-19B-15ZK

Cornell -

Dubilier

PM4SZ

Cornell-

Dubilier

PM6S5

MIL

CM-19B-332K

ic ansteel

lrll0-1

Fansteel

}'508-5

G.E.

Z9F519G4

G.E.

zgF617G4

Cornell -

_ubilier

PM6D47

CTP503

IN703

MEC

16-102

Eldema

1CFIZ-4589

C.P. Clare

RP7641G8

5 6

DESCRIPTION UNIT
PER

7 R-4 ASSY.2 3 4

C P

1

i I
c._p,t
10_01

c_p.t
i

5

c_
I

c11

cl

, 10_ TROL

COIR, _ixed Mica, 1000tumid, 500vdc,

I MEC SPN C-13-89

roB,

roB,

CIP_ CI FOB,

10p/_

C4Pt C_ roB,
i
! I

/

c._ P_ c t roB,

I

c# Pt c_roB,
107o

I

i
c_ pt c_roB (

c; p_ c_ rob (

_ Z
C_PACI:TO_,

C; Pt c_roR,

Ct PI clroa .

SE MI -CI )N: )UC

SE MI -C 1 )N: )U(
3. iV

IN 9I( A_ Ot

L) M]', nc ind

RELJY Z] or

Fixed Mica, 2000mm.fd, 500vdc,

MEC SPN C-13-II

Fixed Mylar, 0.1mfd, 400vdc
MEC SPN C-03-06

Zixed Mica, 1500mrn/d, 500vdc,

MEC SPN C-13-42

Fixed Mylar, .02rnfd, 400vdc
MEG SPN C-03-i I

fixed Mylar, .05n_d, 600vdc

Fixed Mica, 3300mrnfd, 500vdc,

MEC SPN C-13-17

Hu-Cap), 10mid, Z5vdc

MEC SPN C-IZ-09

ilu-Cap), 100mid, 30vdc

MEC SPN C-IZ-07

Vantalum, lrnfd, 100vdc
MEC SPN C-07-01

rantalum, g.5mfd, 30vdc

Fixed Mylar, .0047mid, 600vdc

TOR DEVICE, DIODE

MEC SPN D-01-56

TOR DEVICE, DIODE, Zener,

MEC SPN D-01-13

eon

MEC SPN L-01-06

!scent, Z4V

MEC SPN L-01-01

"C")

MEC SPN R-0Z-08

7

PROCURE-

MENT
CODE

8

UNIT
COST

(EST.)



I

|

6 -Z2

6-23

6 -24

6 -Z6

6-L7

6 -28

6 -29

6 -30

6-31

6-32

6 -33

6-34

6 -35

6-36

6-37

6-38

6-39

6 -40

6-41

6 -4Z

6 -43

6 -44

6 -45

6-46

6 -47

6 -48

2

REFER.
DESIG-

NATOR

4

/_':G. AND
PART NO.

MEC
MN11

M_G

MN13

MEC

TN138B

MEC

TN130B

MEC

TN150

MEG

TN58

MEG

TN28

MEG

TN138

MEC

27 -i Ol

MIL

RCZ0GFI8ZK

MIL

RCZ0GFI02K

MIL

RCZ0GFI03K

MIL

RCZOGt-SZZK

MIL

RCZ0GF47ZK

MIL

RC ZOGF471 K

MIL

RG20GF473K

Allen Bradley
JAIL040SZ5 3UC

MIL

RCZ0GFZ42J

MIL

RCg0GF753J

MIL

RGZ0GF333K

M/L

RCZ0GFISZK

MIL

RC20GF33gK

MIL

RC/0GFI53K

Cannon

DD-50S

EIdema

IIH-4593

C.P. Clare

RP9005GZ

JAN

TS i 03P0g

JAN

TS101P01

C.P. Glare

RP9006

Eldema

IIH-4119

5

DSSCmPI_ON

Rev. 6/lZ/6Z

_e ic

he ic

L? U TOR DEVICE SET

:_ TOR DEVICE SET

;b: IITOR DEVICE SET
]_) , TOB DEVICE SET

5(9 _UGTOR DEVICE SET

:_ _IO_DEVlCESET
I

F ed Composition, 1800 Ohms,

r_) Fled Composition, _K, ±I0°/0, [/ZWr_) F ed Composition, 10K, ±10%, I/zW

R, Fl[ed Composition, 8200 Ohms,

R, Fl(ed Composition, 4700 Ohms,

R, Fled Composition, 470 Ohms,2V

R. F_xed Composition, 47K, _:i0_0,

4 ER, 25K, gW, Linear Taper
MEC SpN P-Og-05

R, F_led Composition. 2400 Ohms,

W

R, ed Composition, 75K, _5%, I/2W

R, F_ed Composition. 33K, Ii0%,

R, F lx1 ed Composition, 1500 Ohms,

Z_

i_ i xed Composition. 3300 Ohms,

Z_

R, xed Oomposltion, 15K, il0_o,

Tq R. Female, 50 Pin Contact, 5 Amp
MEC SPN C-ii-02

, ad cator

MEC SPN L-02-0Z

el_y

I MEC SPN S-03-Z4

ubl, 9 Pin Miniature
MEC SPN S-03-13

uII, Octal

MEG SPN S-03-02

EI_ C IP, Relay Socket
MEG SPN 5-03-Z5

_P Rid) MEG SPN L-02-03

i

ASSY. CODE

8

UNIT
COST
(EST.)



4 5I 2

ITEM REFER.

NO. DESIG-
NATOR

6-1

6-Z G60l

C603

C604

6-3 C60Z

C607

6 -4 C605

C606

6 -5 CR601

6-6 DS601

DS604

6-7 M601

M636

6 -8 M60Z

M635

6 -9 N601

N6 04

3

CLASS STOCK
NO.

MFG. AND
PART NO.

MEC

74-6C

Fansteel

FIIO-I

Fansteel

F308-1

Cornell-

Dubilier

PM 4SZ

Pacific

Semi-Conduct(

IN703

MEG

16-10Z

MEG

MN-13

MEG

MN-11

MEG

TN-130B

2 3

ASSE

4 5

!

ABLY

i

i
i

ArAC

!
i

AI_AC
i
!
i

A._AC
1
i

IOI)E

A_[P,

O! E,

i
i

O!_ E,

R# N_ c

DESCRIPTION

6 7

IT_

IT(

ITq

Z

Nq

M,

M,

IS'I

i

_R,

pR,

IR,

ne

on

gnq

gn,

DR

Duel 17 Bit shift register

(Blu-cap) I0_ Z5vdc

(Blu-cap) 100/2f 30vdc

Fixed fClyler . 0Z/M 400vdc

_tic

,tic

-Network

6

UNIT
_R

A,_Y.

15.

4

Z

34

7

PROCURE-
MENT
CODE

|

UNIT
COST
0EST.)

N60Z

N603

N605

N606

P601

R601

R60Z

R604

R605

R603

R606

R607

$601

$602

T J601

XM601

XM636

XN601

XN606

MEC

TN-51

Cannon

DD-50P

Mil

RCP-0GFZ73K

Mil

RCZOGF47ZK

Mil

RCZ0GFI03K

OAK

379655-MF

Cannon

DD-50S

Jen

TSI03POZ

Jan

TSI01POI

Whitso

K-105

T _A]

i

Pl ml

RI_Sl

!

i
i

Ri_Sl
I/i

Ri_Sl
1/;

si¢11

CIDN

Si)C]

Sq)C]

SI_N,

qS _.ST'

ST DR,

, w

STCR,

_w

'Clt, ]

NECT

(EF,

(EF

)B

Fi

F_

Fi

otl

)R

p:

Network

ted Compoation, Z7K *10%

xed Composition, 4.7K, *10%

ted composition 10K, _d10%

.ry

n miniature mice filled

al Mica Filled

1

Z

Z

1

36

6

2



! 2

REFER.
NO. DESIO.

NATOR

6-1

6-Z C601
C603

G604

6-3 C602

I G607

6 -4 C605

C606

6 -5 CR601

6-6 DS601

DS604

6 -7 M601

M636

6-8 M60Z

M635

6-9 N601

N604

6-10 N60Z

N603
N605

N606

6-11 P601

6-1Z R601
R602 '
R604

R605

6-13 R603

6 -14 R606

R607

6 -15 $601 /
/S60Z t

6-]6 T J60] /
/

/
6 -17 XM601

X/_4636

6-18 XN601

,i.< XN606

6 -19

3

CLASS STOCK
NO.

/
/

J

/

/:

I
f

4

MFG. AND
PARTNO.

MEG .

74-6C

Fangteel

FII0-1

Fansteel

F308 -I

Cornell -

Dubiller
PM 4S2

Pac_ic

Semi-Conduct
IN703

MEC

16 -102

MEG
MN-13

MEC

MN-II

MEC

TN-130B

 Ec/
TN-51

/
/

Can/on

Mtl

RCZOGFZ73K

Mil
RCLOGF472K

Mil

RCZOGFI03K

OAK
399655-MF

Cannon

DD-50S

Jan

TSI03POZ

Jan

TSI01POI

Whitso

K-105

1 2

A,(

r

/
/

/

3 4

SEMr

(PA]

C[A]

C;A] Aq

£ ,I0 )E

l A_ P

( OI.E,

C Of/

/
RI N.c

I

T _A 4S

F_t 3

R _S 3T

R ES _T

I/ w

R _S _T

I/ w

S' rI' Cl

C 3Ix _E

S,)C E'

S, )C E'

S [N ,B

s 6

DESCRIPTION

7

I
L_

i'

A_ IT()R,

A( IT()R,

ITq )R,

Z ._n(

N( ,on

/
M_ gn

M( gn

[STOF

5T R-

]_, Fi

)R, F_

IR, Fi

• ] otl

_T )R

', pJ

' )c!

Dual 17 Bit shift register

(Blu-cap) I0_ 25vdc //

(Blu-cap) 100/_f/

Fixed l_[ylar/OI_f 400wdc

/
/

/"
6'

/
/

,tic

,tic

-Network

Network

{ed Composition, 27K +10%

xed Composition, 4.7K, +I0%

ted composition IOK, _I0%

Lry

n miniature mica filled

al Mica Filled

6

UNIT
PER

ASSY,

I

3

I Z

Z

15.

4

Z

34

I

Z

Z

1

36

6

Z

7

PROCURE.
MENT

c_ f

S



4 5
_'G. AND

1 2

REFER.
NO. DESIG-

NATOR

4-1

4-Z C401

4-5 C40Z
C403

C404
C406

C416
C417

4-4 C405

4-S C407

C408

4-6 C409

C410

4-7 C411
C414

4-8 C413

4-9 CR401

CR40Z

CR4Z5

CR4Z6

4-10 CR404-

CR407,

CR409

CR410

CR415-

CR4Z4

4-II CR408

4-12 I401

4-13 K401

4-14 N401

4-15 N40Z

3

CLASS STOCK
NO. PARTNO.

MEC

75-4A

Fansteel
F308-1

Fansteel

FII0-1

Mil
CM-19B-471K

Mil
CM-19B-15ZK

Mil

CM-19B-Z7 ZK

Cornell Dub-
tlier PM4SI

Mil

CM-19B-33_-K

G. E,

IN1692

Transitron
TIZG

or
Clevite

CTP-503

Pacific
Semi-Conducl

IN703

Dialight
6S6-DC

Mangecraft
IIHPX59

MEC

TN-57

MEC

TN-138B

2

%5

3 4 5

I
:_/1 _/_ :lJ

I

:R] _//q :IJ

I

I

I
;_/ P//;II

I

;fl:_I 31

i

31 P_ =I

I

I

I
I

I
D] )I_

D] _I_

L_ MI

I

R :L_

T _A]

T LA]

DESCRIPTION

6 7

o_

o&

!

0i

O:

o]

O]

o:

t Pattern Generator

Blu-Cap) 100/_f, 30 vdc

Blu-Cap) 10/_f, Z5 vdc

l'ixed Mica, 470/_f, +10% 500 vdc

_lxed Mica, IS00]_/_f, +10% 500 vd<

_:ixed Mica, Z700/_/Jf, _10% 500 vd¢

, ?ixed Mylar . 01_f. 400 vdc

, ;lxed Mica, 3300/J_f, _10% 500vdc

E, Ze

P, :_nc

_Y

_SI ;T(

_Sl ;T(

ke_

_nd

,R

,R

escent. IZSV, 6w

Network

_etwo rk

6 7

UNIT PROCURE-
MENT

A$SY. CODE

$

UNIT
COST
(EST.)



4 51 2

ITEM st.:K.
NO. DESIG-

NATOR

4-]6 N403

4-17 N404

4-18 N405

4-19 P401

4-30 R430

4-21 R402

R407

4-33 R408

R414

R415

R417

R41Z

R423

R428

4-23 R405

4-24 R406

R4ZZ

3

CLASS STOCK:
NO.

MFG. AND
PART NO.

MEG

TN-4Z

MEC

TN-Z8

MEC

TN-58

Cannon

DD-SOP

Mil

RCZ0GFIOZK

Mil

RCZ0GFZZZK

Mil

RCI0GF103K

Mil

RCZ-GFZZ3K

Mil

RCZ0GF47ZK

2 3

rl

rl

rl

Pl

RI

R}

RI

RI

R}

4 5

A b 'SI:

AI_ SI:

AF SI:

UC, ]

SI_ T(

SI_ T(

SI_ TC

SI_ T(

SI_ TC

DESCRIPTION

6 7

!TC_ I

iT_

_R, Fi_

pR, [Fi

_R I Fi

i

VA, Fb

_IR, Fb

6

UNIT
PER

A$SY.
, i

etwork

etwork

etwork 1

0 Pin Contact, 5 amp rating 1

:ed composition, IK, _10%, l/Z w l

ted composition, 2Z00_ _:10% 1/2 w

• ed composition, 10K, i10% 1/Z w 7

ed composition, ZZK 110% 1/Z w 1

ed composition, 4700Q, t10% 1/2 3

7

PROCURE.
MENT
CODE

8

UNIT

COST
(EST.)

4-Z!

4-Z_

4-27

4-Z8

4-39

4 -3C

4-31

4-32

4-33

4 -34

4-3

R410

R427

R416

R409

R424

R413

R429

R407

R421

$401

$402.

T J401

XI40]

XK401

XN401 -

XN405

Mil

RC20GF33ZK

Mil

RCZOGFI8ZK

Mil

RCZOGF333K

Mil

RC42GF101J

Mil

RC20GF473K

Centralab

PA-gOII

Micro

ZPBII

Cannon

DD-50S

Diali_ht

103=3503-1Zll

,/an

T S] Ol PO]

Whltso

K-105

i
RI;SI

RI;SI

RI;SI

RI;SI

RI:SI

S_'IT

S_0 "IT

C()N]

INDI(

;or

SC CF

KI I03

,T(R, Fix

,TC)R Fi

TCR, Fix

,T(_, Fi_

T<_, Fb

=H, R_ta

:4 po siti

3H PJsh

E!:TcR,i
,at Lng ]

A_'o_ hd
Be yor at !

ET cta

ed composition, 3300_ i10% 1/Z w

ged Composition, 1800_ *10% l/3w

ed composition, 33K. t10% 1/2 w

:ed composition. 100Q t5% Z w

ed composition, 47K, f10% l/Zw

7, Non-shorting, 4 pole

Dns

button

Female, 50 pin contact, 5 amp

[der, Dome type, rod lens

•,amp

[, Mica Filled



1 2

_F.M REFER.
NO.. DE_

N_OR

5-1

5-2 CRSO1-

CR507

5-3 F501

5-4 I501-

I505

5-5 K501-

K50'8

5-6 MV501
MVS02

5-7 N501

3

CLASS STOCK
NO.

l

!

4 5

DE$CRIPTIONMFG. AND
PART NO.

MBC

75-5A

G. B.

IN1692

Bussm&nn

MDA

Dis llght Coz

656-DC

Magnecraft
I 1HPX-5 9

Assembiy Pro

261-C

MBC

TN-57

! 2 3 4
.

_s q L

ID

'U

:_

II

m_

bf

T]

5 6 7

wi"

Ak

_[llca

leE
Cl_S

, :_111

,,bl_

ivll

O 11C

Cot

5 vdk

I_TC

IOVBR

.I

Ldescent, Bayonet Base, IZSV

, with double adjustable

low and high detection,

60 division scale with 13

isionn marked at alternate

ons as follows - O, 20, 40,

120 with 120 at full scale

:ts rated up to 25 ma. dc

TWORK

6 7

UNIT PROCURE.
PER MENT

ASSY. CODE

1

7

1

5

8

2

1

|

UNIT
COST

(EST.)

5-8

5-9

5-10

5-11

5-12

5-13

5-14

5-15

5-16

5-17

P501

R501

R502

R503

R504

R505

R506

R507

R508

R509

RS10

Cannon

DD-50P

Phaostron

CA4RS -1/2

Phaostron

CA4RS-1/2

MIL

RC32GF202K

MIL

RC32GF332K

MIL

RC20GF471K

MIL

RC32GF182J

MIL

RC2OGF182K

MIL

RC2OGF473K

MIL

RC42GF221J

Pll rG

_II ;I T _, Pz

o_ I C eq i,,

R_ ;I T R, P:

ol 1 C eq i_

Rll _I IT R, F:

* , tC ,, iW

R_ _) ;T R, F:

* L( ,, IW

R! _] ;_ R, F:

+ 1( ; ,I/ Ip

Ill SI ;TqR, F

÷ 5_ , lW

R1 5] ]T_tR F

+ 1( _, 1/ V/

R_ S: ;T(,R F

+ lq _, I/ W

R] SI _T(_R F

+ 5' ;'Wp

I

_cislon, 14.3K. _ 1%, l/2W

xlent

ecision, 23.9K. _ 1%, l/2W

slent

ced Composition, 2000 ohm

xed Composition, 3300 ohm

_ed Composition, 470 ohm

_ed Composition, 1800 ohm

_ed Composition, 1800 ohm

xed Composition, 47K,

xed Composition, 220 ohm

1

1

1

1

2

1

I

I

1



4 S

MFG. AND DESCRIPTION

1 2

ITEM REFER.
NO. DESIG-

NATOR

5-18 R511

5-19 R512

5-20 $501

5-21 XFSOi

5-22 XlSOl

5-23 XlSO2

XI503

5-24 XI504
XI505

5-25 XNSO1
XKS01-

XKS08

5-26 R513

3

CLASS STOCK,
NO. PARTNO.

MIL

RC32GPI01K

Ward Leonard

25F2

Micro

2PBll

Bussmann

HKP

Dlal£ght Cot
103-'3502-121

Diallght Cor

I03-350Z-I_[6

Dtallght Cor
103-3502-121

JAN
TSI01P01

Mil

RC4ZGF331K

2 3

-j

-i

4 5

I

0%, ,

XST_I

TEH 1

_I_AT

F61

pI_AT

AT61

6

I, ]

LW]

t,
;Wl

P_

.DI

3a _

31t
3a_

)R
3a _

O,

7

Pil

eil
orl

shl

R I

H_
on]

HOI

onl

HO

ta l
I
I

ix!

:ed Composition, 100 ohm

ted Wire Wound, 2 ohm

0hmlte equal

)utton

_DER, Dome Type, Green Lens,
t Lamp

DBR, Dome Type, Yellow Lens,

t Lamp

DER, Dome Type, Red Lens,

_t Lamp

Mica Pilled

composition 330fi +I0%, 2w

6 7

UNIT PROCURE-
PER MENT

ASSY. CODE

1

1

1

1

1

2

2

9

8

UNIT
COST
(EST.)

7-I

7-Z

7-3

7-4

7-5

7-6

7-7

7-8

7-9

7-I0

7-11

7-1Z

7-13

CRY01-

CR709

DSY01-

DS709

_1701-170Z

MVY01

P701

R701

RY0Z

R703

R704

R705

R706, R707

R709-R722

R708

MEC

7Z-TB

G.E.

IN1695

Eldema

1CG12-4535

Eldema

IGF-4976

Beede

E-L5

Csnnon

DD-50P

MIL

RC2-0GF393K

I.R. C.

DCC

I.R. C.

DCC

I.R.C.

DCC

I.R.C.

DCC

MIL

RCZOGFI04K

1. R.C.

DCC

kS_ E_

)l_

_K

vie

vlo

PL

RE

RE

RE

RE

RE

RE

R_

.I

D]

AI

rE

Lnl

JO

;I_

;I_

;I_

;I_

;I.c

_I._

,vl

,!

,!

R,[
n_J

r_

rc_

rC

rc

rc

rc

P )W]ER CONTROL

reo L tI Spec. Z1C-3864-7

/
lC_ nd4scent, (Red)

I. ;_N/IA, (Scale 0-12) Horizontal

,,PrJ

Pr4

Prl

R, Prl

R, Fi_

R, Pr,

ed composition, 39K *10% I/2W

,cision, 54K _1% I/ZW

,cision, IzK *1% I/ZW

_cision, 20K _1% 1/ZW

!cision, 85K _1% I/ZW

ed composition, 100K _I0% 1/2W

_cislon, ZSOK :1:1% 1/ZW

I

9

9

Z

I

I

I

I

I

11
1

16

1'



4 5
_r

I 2

ITEM REFER.
NO. DESIG-

NATOR

7-14 R7Z3

7-15 5701

7-16 S70g

7-17 XDS701 -

XDS709

7=18

7-19

7-gO

CLASS

3

STOCK
NO.

MFG. AND

PART NO.

MII,

RC4ZGF8Z0K

Cutler Hamme

STSZN

Oak

399655-MF

Eldema

IIH-4593

Whitso

K-150

Eldema

I1H-4110

Eldema

11H-4119

DESCRIPTION

I 2 3 4 5 6 7
1

_E _I_ ?C :_, _i)

;W T t H, T gg:

;W :Ti H, R tal

N] il C[ DF H(
.E g/ P, Tr

.I_ _,/ P, (R

ed composition, 8Z_ J=10% ZW

e, DPDT

Y

,[,DER

anslucent)

:d)

6

UNIT
FER

ASSY.

1

1

1

9

l

1

8

7

PROCURE-

MENT
CODE

|

UNIT
COST

(EST.)



4 51 2

ITEM REFER.
NO. DESIG-

NATOR

1

CLASS

3

STOCK
NO.

MFG. AND
PARTNO.

McLean

ZEB508C

4 5
i

4B'LY

DESCRIPTION

6 7

B _OWER

6

UNIT
PER

ASSY.

1

• ' 7

PROCURE-J
MENT I
CODE J

e

UNIT
COST
(EST.)

8-I

8-Z

8-3

8-4

8-5

8-6

8-7

8-8

8-9

C801

C803

C8Z6

C8Z7

C811-

C814

C80Z

C837

C804
C805

C815

C824

C806

C807

C809

C810

MEC

71-8A

Cornell

Dubiller

PM 4Sl

Cornell

Dubilier

PM 4SZ

Cornell

Dubiller

PM4PI

Cornell

Dubiller

PM6D5

Cornell

Dubiller

PMZP47

Cornell

Dubilier

PM4S5

Mil

CM-19B-501K

Mil

CM-19B-Z0ZK

AS E AE

Ckl c

C kY

CLY

CkF

C_

C_P

CkF

CkY

L_ stl

kC [TC R,

kC [TC R,

kC [TC R,

kC [TC R,

%C [TC R,

%dTC I,

I
I

_C_TC R,

T °
I

I

iLine Amplifier

Fixed Mylar, 0l/_f, 400 vdc

Fixed Mylar, 0Z/_f, 400 vdc

Fixed Mylar, l_f, 400vdc

Fixed Mylar, 005/_f, 600 vdc

Fixed Mylar, 47 /_f, ZOO vdc

Fixed Mylar, OSNf, 400 vdc

Fixed Mica, 500_f, 500vdc

Fixed Mica, ZOOO_f, 500 vdc



3 4 5

MFG. AND DESCRIPTION

1 2

ITEM REFER.
NO. DESIG-

NATOR

8-I0 C817 -

C819

C821

C825

C828

8-11 C816

8-12 G820

8 -13 G829-

C831

8-1, Z808

C832

C833

8-1_ _ G834

8-16 G822

8-17' C823

8-18 C835

CLASS STOCK
NO. PART NO.

M11 [
CM-19B-101K

Mil

CM-IgB-501K

Mil

CM-19B=I52K

MI1

CM-19B-560K

Aerovox

A EP8J

A erovox

AEP88J

Mi]

CM-19B=102K

Mtl

CM-19B-471K

Mll

CM-19B-470K

I 2 3 4

C r

Ic, r

[c_ r

Ic, F

!

I

iC_F

CJ F

Pl lg

C, F

G_ 1n

GJ 1n

5 6

ClTc
I

I

_C:ITC

,C:lTC

I
,G!TO

_C]TO

_G]TO

[n

LC]TO

.CITO

ClTO

Fixed Mica. 100/_/zf *10%. 500 vdc

_. Fixed Mica. 500 ,_/M +!0% 500 vdc

_, Fixed Mica, 1500 /z/M. +10% 500 vd

_, Fixed Mica, 56 _,_f, _10%,500 vdc

_, ?ixed 40 /zf, 450 v, Plug-in

t, :ixed, 40-40/M, 450 v, Dua]

I, fixed Mica, 1000 ¢/_f, _10% 500vdc

R, Fixed Mica, 470/z/Af, ±10% 500 vdc

R, Fixed Mica, 47/z/zf, _10% 500 vdc

6

UNIT
PER

A$SY.

6

I

: 1

3

3

7

PROCURE.
MENT
CODE

S'

UNIT
COST

(EST.)

8-19

8 -22

8-33

8 -34

8-25

8 -31

8- ?.'_

CR801-

CR804

CR809 -

GR815

CR816 -

CR824

ZR805-

CR808

F801

DS801-

DS804

L801

L803

L803

P801

R80Z

Hughes

HD6ZZ7

G° E°

IN1695

Pacific

Semi-Conducto

PC 030

Bussmann

AGC

Eldema

ICG12-4535

UTC

MQA-17

UTC

HVC -8

Cannon

DD-50P

Mil

RCZ0GF434J

)I( _D]

)I( *DI

)IC 'D I

"UI;E

i
I

,AiAF

N_ UC

NI UC

'L IG,

E 151

1

I

T(

T(

N

'OR

_m_

eo_ tc

R, 10

R

ale 5

F xe

Spec. 21C-3864-7

hy, 7 ma. max.

D Pin contact, 5 amp. rating

Composition, 430K, i5% 1/2 w



4 $

MFG. AND
PART NO.

I 2

iTEM REFER.

NO. DESIG-
NATOR

8 -Z8 R803

R809

RSl!

R8Z0

R8Zl

8-Z9 R805

R883

RSZ3

R8Z5

RSZ6

R8Z9

R831

R834-

RB37

R861

R866

R877

R880

R881

R854

8-5C R806

R830

R859

8-3l R807

R862

R865

8 -3_ R815

R819

8-3. _ R816

8 -3_ R817

R818

R833

R868

R869

R871

8-3:RSZ8

R839

R845

R851

8-3_ R83Z

R838

R844

R850

R863

R864

R867

R870

R872

8-3_ R855

3

CLASS STOCK
NO.

I
Mil

RCZOGFZ44J

Mii

RCZ0GF]04K

Mil

RC20GF563K

Mil

RC20GFlZ4K

Mil

RCZOGFZZ4K

Mit

RC20GFI0ZK

Mil

RC2-0GF624J

Mil

RCZ0GFZ04J

Mil

RCZOGF6Z4J

Mil

RCZOGF8Z4K

! 2 3 4

R!

R1

R]

R]

R4

R_

R_

R

R,

DESCRIPTION

$ 6 7

_iIr ] t, Ft

i

5I: T( R, Fi

51: T( R, JFi

:S][ ;T])R, I_ F_

.I
:Sl ;TI)R F1

',S]_ _TI m, Fi!

I

:S_ _TIgR FI

i
!
i

:SI _Tq)R, Fi

:ed composition, Z40K, *5% 1/2 w

:ed Composition, lOOK, +10% I/Z w

<ed Compos_tlon, 56K, *I0%, I/2 w

• ed composition, IZOK, *10% I/Z w

xed composition, ZZ0K, _-10% 1/2 w

ted composition, 1K *10% l/Z w

xed composition, 62K*5%l/2w

ted composition, ZOOK, *5% 1/2 w

xed composition, 620 K *5% 1/2 w

ted composition, 8ZOK *10% 1/2 w

6

; UNIT
PER

ASSY.

17

7

PROCURE.
MENT
CODE

3

3

l

6

$

UNIT
COST

(EST.)



1 2

ITEM REFER.
NO. DESIG-

NATOR

8-38 R857

8-39 R810

8-40 R808

R856

R858

8_41 R824

R817

8-.42 R860

8-43 R814

8 -44 R840

R841

R846

R847

R852

R853

8 -45 R842

8-_6 R873

R874

8 -4_ R879

8 -4E R875

8 -4 c 2878

8 -5( R876

8-51 R849

R843

8-5/ R8ZZ

8-5_ R801

8 -54 R804

8-5 2812

8-5 R813

8 -5_ "R848

8-5_ R882

3

CLASS STOCK
NO.

4

MFG. AND
PARTNO.

Mfl
RCZ0GF333K

Mil
RC20GFZOZJ

Mil

RCZ0GFI05K

Mil

RCZOGFIZ4K

Mil
RCZ0GFZZZK

Mil

RC42GFZZZK

Mil
RC42GF4333

Mtl

RC20GFZ05J

Mil

RC42GFI01K

Mil

RC4ZGF511J

Ward I,eonar(

10F8000

Ward Leonarc

10F3000

Mil

RC42GFZOZJ

Allen Bradley
JAIL 040S2551

Allen Bradley
JAIL040S503U

Allen Bradley
JAIL040SI04U

Mil

RC20GFZ71K

Mil

RCZOGF43ZK

Mil

RCZOGF473K

Mil

RCZ0GFI05J

Mil

RCLOGF433K

5

DESCRIPTION

3 4 $ 6 7

_b|_l_'" '_,lFi_ed

tE; '

RE ;I_'F(_R, Fi]

_E ;zSrOL ri_

R[ ;]$['0_,, Fit
i
1
!

I

Rt ;I rc R, Fi:

RI H r( R, Ft:

composition, 33K*I0%, I/2 w

composition ZK, *5% l/Z w

I,]Fiked composition, IM *I0% I/Z w

_, ['i_._dcomposition, I._-M0 +10% 1/2 w

:ed composition, Z. ZK, +10% I/Z w

ed composition, 2.2K, *10% Z w

:ed composition, 43K, *5%, Z w

:ed composition, ZM, i8% I/Z w

red composition 100f_ 4-10% ZW

R]

R]

R]

R]

P(

Pq

P(

R:

R_

R]

Ri

R

SI];TI)R,I F|

;SI[;T(_R, i FI[

I
!

SII;T])R, I FI

;SIl ;T4 )R, Fi]

,T I :N1 "IO VIE

,T | :N1 uo vtE

_TI;NI"IO ViE
i

;SlI;T_)R. Fi

:SlI;T!R, Fi_

;SII ;T( )!R, Fi:

!

:SII;T()R, Fi:

:SIST DR, F:

zed composition, 510f_ i5% Z w

:ed, wire wound 8K, 10w

ced, wire wound 3K, 10w

:ed composition, 2K, i5%, 2_ w

FER, Z. 5M Zw, Linear Taper

rER, 50K, Zw, Linear Taper

rER, 100K, 2W Linear taper

zed Composition 270_ *I0% I/2 w

ed composition, 4.3K, _:I0% I/Z w

_ed composition, 47K, ±I0% I/Z w

_ed composition, IM, *5% I/2 w

xed composition, 43K, 9:10% I/Z w

6 7

UNIT PROCURE-

PER MENT
ASSY. CODE

l

l

3

Z

l

l

6

l

2

1

1

1

1

Z

|

ONff
COST
(EST.)



ITEM REFER.
NO. DESIG-

NATOR

6-17 N601

N603

N604

N611

N61g

N616 -

N618

6-18 N60Z

6 -19 N605

N613-

N615

6 -g0 N606

6 -gl N607-

N610

6 -Z; P601

6 -Z-_ R601

6 -Z R60Z

R604

R606

R615

R6Z7

R6Z9

R636

R638

R641

R643

6-g_ R603

R610

R611

R651

6-Z( R605

R615

R614

R618

R6ZI

R6Z4

R6Z8

R6ZI

R6Z4

R6Z8

R630

R651

R637

R639

R64Z

R644

R646

R647

R649

CLASS
i

ITOCK

NO. j
I

MFG. AND
PART NO.

MEC

TN-I58B

MEC

TN-150

MEG

TN-58

MEC

TN-130B

MEG

TN-Z8

Cannon

DD-50P

Mil

RCZOGFI0ZK

Mil

RCZOGFI03K

Mil

RCZOGFI8ZK

Mil

RCZOGF47ZK

1

I
3 4 5

'lk _I

F i _I

FF _I

I

R ".SI ST

R DS] ST

R _S] ST

DESCRIPTION

6 7

rC_L,

rc_t

lal_ , !

R _xe

DR, FJ

DR, F

DR, F

qetwork

_etwork

etwork

etwork

[etwork

0 Pin contact, 5 amp. rating

composition, I000_ +I0%, I/Z w

:ed Composition, 10K,+10g0 I/Z w

• ed Compositinn, 1800_ +10%

I/Z w

xed Composition, 4700f_ +10%

1/Z w

Rev. 6/15/61

UNIT PROCURE-
PER MENT

ASSY. CODE

8

1

4

1

4

1

1

l0

4

16



NO.

4-1

4-2

4-3

4-4

4-5

4-6

4-7

4-8

4-9

4-10

4-11

4-1Z

4-13

4-14

4-15

4-16

4-17

4-18

4-19

REFER.
DESIG-
NATOR

C401

C402

C4ZI-C423

C403

C4Z5

C443

C444

C4Z4

C404

C426

C441

C44Z

G445

CR401

CR4ZI

CR40Z

CR432

CR44Z

:F401

F403

F402

F404

P401

Q4Z3

Q44Z

Q401

Q421

Q441

Q4zz

Q4oz
Q403

Q4Z4

Q443

Q404

Q4Z5

Q444

R401, R4O_
R4Z1A

R4Z1B

R441

R44Z

R403

R443

R404

R4Z5

R444

3

CLASS STOCK
NO.

MFG. AND
PART NO.

MEG

165 -4C

Mallory

Z0-71937

Cornell Dubtll

PM4SI

Cornell Dubtli

PM4PI

Fansteel

F308-1

Mallory

20-71855

Fansteel

F316-1

G.E.

4JA211ABIAC2

International

Rectifier

IN1519

International

Rectifier

INIS24

Bussmann

AGC

Bu s sma nn

AGC

Bussmann

MDX

Cannon

DD-50P

Delco

ZNSS3

Delco

ZN443

G. S.

ZN5Z5

Sylvania

ZN377A

Ward Leonard

5Xl

Ward Leonard

5XZ

MIL

RC4ZGF10ZK

1 2

kS

DESCRIPTION

6 7

ER SUPPLY

;omputer Grade, 4000_f 60 vdc,

Alum. can with acetate sleeve.

"ixed, Mylar, .01_f 400vdc

"ixed, Mylar, . l/_f 400 vdc

Hu-cap, 100_f 30vdc

;omputer Grade, Z000/zf 100 vdc,
Alum. can with acetate sleeve.

Hu-cap, 30/_f I00 vdc

IZ4.7)

IZlZ)

a, Slo-Blow, 3 Amp.

Mount with Parts #I00 & #I01)

Lug type Leads)

ohm, 1_ 5W

ohm, Z_ 5W

:ed composition, 1K _10% ZW

6

UNIT
PER

ASSY.

7

PROCURE-
MENT
CODE



I 2

I_I_R.

NO. I_SlO-
NATOR

4-2Z R405

4-Z3 R406

4-24 R407

R4Z8

R447

4_Z5 R408

4-Z6 R409

R430

R449

4-Z7 R410

R431

R450

4-Z8 R411

R43Z

4-Z9 R41Z

4-50 R414

R435

4-31 R415

4-3Z R413

4-33 R4ZZ

4-34 R4Z3

R4Z4

4-35 R4Z6

R437

4-36 R4Z7

R446

4-57 R4Z9

R448

4-38 R433
R416

4-39 R436

4-40 R434

4-41 R451

4-4Z R453

4-45 R454

4-44 R455

4-45 R45_

4-46 R445

4-47 T401

3

CLASS STOCK
NO.

,4

MFG. AND
PART NO.

MIL

RC4ZGFI51K

MIL

RCZ0GF68 IK

MIL

RCZ0GFI01K

MIL

RCZOGF IZZK

MIL

RCZOGFSZZK

MIL

RCZOGF6ZIJ

MIL

RC20GF47ZK

MIL

RC3ZGFIZIK

Chicago Tel.

RAZOLASBZ50_

MIL

RC3ZGF8Z0J

MIL

RC4ZGFI31J

Ward Leonard

10FI

Ward Leonard

10FZ

Ward Leonard

10FI50

MIL

RC3ZGF681K

MIL

RC3ZGFIZZK

MIL

RC4ZGFZ7 IK

MIL

RC3ZGF510J

MIL

RC4ZGFI81J

MIL

RC4ZGF30ZJ

Allen Bradley

JLU-1011 or

JA 1L040S101U

MIL

RC4ZGFZTZJ

Ward Leonard

5X500

MIL

RC3ZGF5613

Ward Leonard

10FZ50

TTI 5486

:ed composition, ISOQ ilO% ZW

composition. 680 ° ,,10% l/2W

ed composition. [OOQ ,,10% l/2W

composition, I.ZK ,,10% I/2W

composition. 8.2K ,,10% 1/zW

ted composition. 6ZO ° i5% 1/2W

composition. 4.7K ,,10% I/ZW

ted composition, 1Z011 ,,10% IW

7ER, ZSG ZW

:ed _ompositlon, 87.._ ,,1:5% IW

_ed composition, 130G ,,5% 2W

Wire wound, I Q 10W

Wire wound, 2G 10W

:ed, Wire wound, IS0fl 10W

:ed composition, 680 ° _10% IW

composition, I.ZK ,,10% IW

ed composition, Z70_ i10% ZW

edcompositlon, 51 ° ,,5% IW

composition, I80Q "-5% ZW

composition, 3K IS% ZW

7ER, 100Q ZW, Linear Taper

composition, Z.7K IS% ZW

Axiohm, 500G 5W

_d composition, 560G 15% IW

ed, Wire wound, ZSOG 10W

6

ASSV.

7

_OCUml-

COI_



1 2

ITEM REFER.
NO. DESIG-

NATOR

4-48 TJ401-

T J404

4-49 XF401-
XF404

4

MFG. AND
PART NO.

H.H. Smith

Bussmann

HKP

1 2 3' 4

rA ',N
_t ;E

5 6

t ld_

[C _D

DESCRIPTION

7

_ansna (Black)

6 7

UNIT PROCURE-
PER MENT

ASSY. CODE



ME=906

CHAPTER VIII

WIRE LIST

O-1
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CHAPTER X

APPENDIX



DATA LINE AMPLIFIER 
MEC MODEL 71-8 A 

1. GENERAL 

1-1. T h e  Data  Line  Ampl i f i e r  r ece ives  data  in  the f o r m  of modulated tone b u r s t s  of 

approximate ly  2 k c  a t  a 1 k c  repe t i t ion  r a t e  f r o m  3 kc  vo ice  channels  on ba lanced  o r  un-  

ba lanced  communicat ion l ines ,  equalized f o r  1 k c  data  bit  r a t e .  

a r e  0 .5  mi l l i s econds .  

v a r y  in  length depending on the s y s t e m  in which the Data  Line  Ampl i f i e r  is used .  

s y s t e m s ,  SOW a n d / o r  EOW m a y  not b e  used. 

which is synchronized  to da ta ,  and pu l se  outputs of 1 0  to  20 vol t s ,  depending upon t e rmina t ion ,  

approx ima te ly  1 0 - m i c r o s e c o n d s  wide,  for  da ta ,  SOW, and  EOW. T h e  pu l se  outputs a r e  

cathode fo l lower  outputs and r e q u i r e  t e rmina t ing  r e s i s t o r s  ex te rna l  to  the c h a s s i s .  

L ine  Ampl i f i e r  Input-Output Relationships f i g u r e  shows the  r e l a t ionsh ips  of incoming and  

outgoing data .  

f o r  gene ra t ing  regulated t 2 5 0  vol t s  and -250 vol ts  f o r  u s e  within the c h a s s i s .  

The  tone b u r s t s  f o r  da t a  

The  b u r s t s  f o r  Star t  of Word (SOW) and End of Word  ( E 0 W ) m a y  

In s o m e  

T h e  outputs are  a 1 kc  s inusoidal  waveform 

T h e  Data  

T h e  unit o p e r a t e s  on 115 vol ts  * 10 vac  and h a s  a self contained power supply 

D S 8 0 2  - 

D S 8 0 1 -  

DS 803 

DS 804 

F801 

71-8A 

Data L ine  Ampl i f ie r  

P a g e  1 of 1 2  



2. DETAILED DESCRIPTIOI_

2-1. Incoming Signals - Data enters the chassis in the form described in paragraph

1-1, at pins 15 and 17 of P801. The inputs are connected to pins 1 and 2 of the bridging

transformer T801, which has a 10,000 ohm input impedance. External resistors must be

used to match the communication line impedance, normally 600 ohms. This makes it possible

for one or more receiving line amplifiers to be used on a single circuit, if so desired. The

signal is then filtered in a band pass filter for noise rejection before entering the first stage

of amplification. The incoming signal can be seen unfiltered at T J801, pin 16. However,

at this point, the circuit is loaded with the filter impedance and does not give a true represen-

tation. The filtered signal can be seen at T J801, pin 50. Potentiometer R801 provides level

selection of the incoming signal to the amplifier and is nominally set for a signal swing of

approximately 0.5 volts peak to peak at pin 2 of R801. The filtered signal is a-c coupled to

the control grid, pin 1, of VS01. This is a remote cut-off pentode tube with AGC applied as

bias to the control grid through R802. The signal a_ the output, pin 5 of VS01, is a-c coupled

to the grid (pin 2) of V802A which provides the second stage of amplification. The output of

V802A pin 1, drives a phase splitter, V802B at pin 7, which has outputs at pins 8 and 6 which

are out of phase; that is, when pin 6 is going positive, pin 8 is going negative and vice versa.

An output at the junction of R812 and R882 in the cathode of V802B is provided for purposes of

recording the data on tape. Each output of the phase splitter drives one-half of V803, a push-

pull amplifying stage with a common cathode resistor, R816. The outputs of V803, pins 1 and

6, drive the detector, composed of diodes CR801, CR802, and related circuitry. The anodes

of these diodes are clamped to 0 volts by diode CR803. Potentiometer R822 determines the

d-c bi'as at the cathodes of the detecting diodes, and in this way determines the amount of the

negative going a-c component of the Signal from V803 which will appear at the grid, pin 2 of

V804A. V804A is an amplifier which is biased near full conduction by R883 and CR803 which

clamps the grid voltage to 0 volts. Negative going pulses from pin 1 or 6 of V803, which

exceed the bias voltage determined by R822, cause diode CR801 or CR802 to conduct, turning

off V804A and producing a positive pulse at its output, pin 1. Negative pulses atthe diode

detector output also conduct through diode CR804, are filtered, and applied to the grid of

V801, the first stage of the amplifier, for AGC action. The detected signal at the output of

V804A is amplified and inverted by VS04B which drives the logic circuitry. The waveforms

of the detected signal are shown in the Data Line Amplifier Waveform Figure.

Z-Z. Logic - The negative going edge of the detected signal triggers the data one-shot,

V805, a 450 microsecond one-shot, which in turn produces a positive going pulse at pin 6

triggering the SOW one-shot V806, and the EOW one-shot V807; three conditions are now

possible:

a. The incoming signal is a data burst. In this case, the data one-shot V805,

completes its time delay in 450 microseconds and triggers off the SOW and EOW one-shots as

ptn 6 of V805 goes negative.
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b. The incoming signal is a SOW burst. In this case, the data one-shot continues

to receive negative pulses and does not complete its time delay in 450 microseconds. The

SOW one-shot V806, is not triggered off, but completes its time delay at a time determined

by R849 (normally 2 milliseconds). The EOW one-shot V807, is triggered off by the data

one-shot because the incoming code burst has ended (normally 2.5 milliseconds) before the

EOW one-shot could complete its time delay.

c. The incoming signal is an EOW burst. When the data one-shot is held on for

that duration, both the SOW and mOW one-shots complete their time delays before the data

one-shot can trigger them off. The period of the EOW one-shot is determined by R843 and

is normally 4 milliseconds.

2-3. As the SOW one-shot is triggered on for every data code burst, its output at pin 6

is used to drive the data output cathode follower at pin 7 of V808. This reduces loading on

the data one-shot. The grid of the data cathode follower is biased at approximately -25 volts.

The cathode is normally returned through an external resistor to -20 volts. The cathode fol-

lower will now conduct when positive pulses occur at the grid, producing a positive output

pulse approximately i0 microseconds wide at the mid-point snd 20 volts in amplitude, each

time there is an incoming data burst, SOW burst, or EOW burst. A neon indicator, DS802,

connected to the plate, pin i, of the data one-shot V805, indicates when data is triggering

the data one-shot. This data indicator glows faintly during data absence, but increases in

intensity when data is present.

2-4. SOW is recognized by the fact that the SOW one-shot has completed its time delay

before the data one-shot has returned to its quiescent state (this will occur for both incoming

SOW and EOW). When the incoming signal consists of data bursts, and the SOW one-shot is

being triggered on by the leading edge of the data one-shot, and off by the trailing edge, the

two one-shot waveforms have basically the same width. The negative going pulse from the

data one-shot, pin 1 of V805, is connected to the plate of CR806, which is one'leg of a diode

gate for detecting SOW. The positive going pulse from the SOW one-shot, pin 6 of V806, is

connected to the plate of CR805, which is the remaining leg of the gate for recognizing SOW.

When the two pulses to CR805 and CR806 have the same width, the junction of the two diodes

is maintained positive, keeping the grid of V810B, pin 7, at a voltage which will retain that

half of the tube in full conduction, as diode CR811 clamps the voltage to the grid at 0 volts.

Capacitors C817 and C825 filter spikes that occur as a result of slight discrepancies of

switching times. When an SOW burst occurs, the SOW one-shot completes its time delay, but

the data one-shot is still on. This situation produces a voltage which is approximately +20

volts at the plates of both CR805 and CR806, causing the junction of the two diodes to drop to

approximately 20 volts where normally one of the two one-shots had maintained this point

at approximately +200 volts. The voltage divider consisting of R834, R835, and R863,

which is returned to -250 volts, now produces a negative voltage at the grid (pin 7) of VSI0
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turning the tube off and producing a positive pulse at pin 6, the output. After differentiation,

this pulse drives a cathode follower, V808A, which is identical to the data cathode follower

just discussed. A neon indicator at the plate, pin 6, of V810B indicates when SOW has been

detected. The SOW gate will recognize the same set of circumstances for EOW, as this

produces the same condition of the SOW one-shot time delay, ending before the incoming code

burst allows the data one-shot to return to its quiescent state.

2-5. EOW is recognized in a similar manner as SOW. The EOW one-shot V807, is

triggered on and off by the data one-shot which applies positive and negative pulses at its

grid, pin 2. As this one-shot is set for a period exceeding that of the SOW one-shot, when

a SOW burst occurs, it will not have completed its time delay before the data one-shot re-

covers from the SOW burst. On an EOW burst, the same circumstances are produced with

the EOW one-shot as just described for the SOW one-shot. The data one-shot produces a

negative pulse to the plate of diode CR807, as it did to CR806. The EOW one-shot produces

a positive pulse to the plate of diode CR808. During data bursts, the EOW one-shot is

triggered off by the data one-shot, and both pulses are of approximately the same width.

When an EOW burst occurs, the data one-shot is kept on, and the EOW one-shot completes

its time delay. This produces a negative pulse to the grid (pin 2) of V809A similar to that

previously discussed for SOW. The output at pin 1 of V809 is a positive pulse for EOW recog-

nition, which drives pin 7 of V809B, the EOW output cathode follower. This cathode follower

is identical to the data and SOW cathode followers. A neon indicator is connected to the plate

of V809A which indicates the detection of EOW.

2-6. Oscillator - The oscillator within the Data Line Amplifier provides a i kc sine

wave synchronized to data, and is used by external sources as a means of determining the

data bit rate, often referred to as clock. This is necessary as an accurate means of deter-

mining whether an absence of data represents one or more 0 bits.

2-6.1. The basic oscillator, V810A, is similar to a standard Colpitts configuration.

The frequency is varied by adjusting variable inductor L803. The oscillator is synchronized

to incoming data by V811B. Each time a data bit is recognized, one-shot V806 is triggered.

Its output, a positive pulse at pin 6, pulses V811B through capacitor C816. Since inductor

L803 is in series with the cathode of V811B, each time the tube is pulsed, current flowing

through the tube also flows through L803, which is within the tuned circuit of the oscillator.

The output of the oscillator, at pin 3, drives a cathode follower, V811A, whose output at pin

3 is a-c coupled to the output terminal, pin 7 of P801, as 1 kc output.

2-7. Power Supply - 115 vac enters the Data Line Amplifier at pins 34 through 37 of

P801. DS801 indicates when power is on. The a-c power is connected through fuse F1 to the

primary of transformer T80Z. A secondary, pins 3 and 5, provides 6.3 vac for tube filaments.
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A secondary, pins 8 and 10, provides 600 vac center tapped at pin 9 to 0 volts. Three diodes

in series are used for rectification to safely meet the voltage requirements. Diodes CR816

through CR821 provide full wave rectification for +250 volts. Resistors R873, R878, and

R879 and capacitors G834A and C834B provide filtering. Regulation of the +250 volts is

performed by two VR tubes in series, V814 and V815. Half wave rectification, via diodes

GR8ZZ through CR8Z4, is used for -Z50 volts. Filtering and regulation are similar to the

+250 volt supply.

Z-8. Adjustment - Three basic types of adjustments are to be made on the Data Line

Amplifier.

Z-8.1. Oscillator - The oscillator frequency is adjusted to 1 kc by adjusting

variable inductor L803. Before the oscillator can be properly adjusted, the synchronizing

effect of incoming datamust be removed. One method of accomplishing this is to adjust

R801 until the center tap is at 0 volts. The oscillator no longer receives sync pulses and is

then in a free-running condition. Using a dual-trace oscilloscope such as a Tektronix 545A

with CA plug-in, synchronize and put one trace on a good 1 kc source. If a local source is

not available, data from a Data Line Amplifier, preferably with an input test pattern of all

"l"s offers a suitable source. Use the remaining trace to observe pin 3 of tube V810. L803

should be adjusted to produce a frequency equal to the test frequency. By ultimately using a

sweep on the scope which displays only one or two cycles, the operator can insure that the

two signals are actually at the same frequency.

NOT E

At relatively slow sweeps, the two waveforms may have the

appearance of being synchronized. If going to a faster sweep

results in double traces, the two waveforms are not yet syn-

chronized.

Rolling of one trace with respect to the other should be expected, but it is readily possible to

adjust the oscillator to within a few cycles per second of the external source. A normal

adjustment of +3 cps is satisfactory.

NOT E

An alternate method of adjusting the oscillator using a

frequency counter is acceptable.

Z-8.Z. Level and Detection - The ideal settings for the level and detection controls
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are best determined by examining the detected waveform output, TJ801-48. It is cofivenient

for the remainder of the adjustments to use the delayed sweep feature of the oscilloscope.

UsingGOW, T J801-9, as sync, and the delayed sweep, it is possible to examine incoming

data occurring over a relatively long period at magnifications where the full sweep displays

only a few milliseconds of data, and the scope still maintains sync on a stable source.

The level and detection controls, potentiometers R801 and R82.Z, should be adjusted until the

detected waveform TJ801-48, has the appearance shown in the Data Line Amplifier Wave-

form Figure. The detected waveform is nominally a 15 to g0 volt negative pulse. It can be

noted that for each bit of data, the ideal waveform produces two negative pulses, each with

full amplitude, and squared at the bottom. It is also acceptable and common, due to fre-

quency rolling, to have one of the two pulses of a lesser amplitude. It is unacceptable to

have three pulses, specifically because the data one-shot is re-triggered on the third pulse

making the output of V805 excessively wide. Proper adjustment, therefore, constitutes the

obtaining of maximum amplitude and squareness of the detected signal without detecting three

pulses for a data bit. If the adjustments have been made properly, one data pulse will appear

at T J801-13 for each data burst on the input at T J801-50.

2-8.3. SOW and EOW One-Shots - The SOW and EOW one-shots are variable

because the length of the SOW and EOW code bursts depend upon the system in which the Data

Line Amplifier is used. These one-shots are normally set for a period that produces a pulse

which is 0.5 milliseconds shorter than the incoming code burst for that signal. For example,

if SOW is a 2.5 millisecond burst, the SOW one-shot is adjusted for g milliseconds. If EOW

is a 4;5 millisecond burst, the EOW one-shot is adjusted for 4 milliseconds.

2-8.3.1. To properly adjust the SOW one-shot, using the delayed sweep of

the oscilloscope as previously described, synchronize on EOW at TJ801-9 in the Data Line

Amplifier. On one trace observe the data input, T J801-50. On the remaining trace observe

the SOW one-shot, TJ801-44. Adjust the time delay of the scope sweep until a SOW burst is

seen. It is necessary to observe the one-shot pulse occurring during the SOW burst because

during a data burst the SOW one-shot is triggered off by the data one-shot and not allowed to

complete its time delay. Adjust potentiorneter R849 to set the SOW one-shot for the desired

width. Adjust the time delay of the scope until an EOW burst is seen. Observe the EOW

one-shot, TJ801-46 and set potentiometer 1R843 for the desired width.
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TRANSISTOR POWER SUPPLY 
MEC MODEL 165-4C 

1. GENERAL DESCRIPTION 

A Milgo type 165-46  P o w e r  Supply has  t h r e e  outputs: the f i r s t ,  a +12v, (+lv,  - 3 ~ )  a t  1 

a m p e r e  output; the second, a -2Ov, (+2v,  -6v) a t  2 a m p e r e s  output; and  the th i rd ,  a - 6 5 ~  

( $ 5 ~ )  a t  one a m p e r e  output. The  -65v supply is s t acked  on the bot tom of the -2Ov supply,  

t he reby  giving an  output of -85v. The  a - c  input of t h i s  supply c a n  v a r y  f r o m  lOOvac 

to 130vac and f r o m  45 to 60 cyc les .  

and has  a f r o n t  panel 8-314 inches high by 8 - 7 / 8  inches  wide. 

35 pounds.  

2 .  t 1 2 v  SUPPLY 

The  unit  is mounted in a s t anda rd  Milgo s l ide- type r a c k  

I t s  weight is approximate ly  

2-1. A port ion of the output of t r a n s f o r m e r  T401 is rect i f ied by a b r i d g e  r ec t i f i e r  CR401 

and f i l t e r ed  by r e s i s t o r  R401 and capac i to r s  C401 and C402. The  vol tage a c r o s s  c a p a c i t o r s  

C401 and C402 is no rma l ly  20v (approximate) .  T r a n s i s t o r  Q401 and r e s i s t o r s  R402 and R403 

a c t  a s  a v a r i a b l e  r e s i s t a n c e  e l emen t  in s e r i e s  with the output load, which c a n  b e  v a r i e d  to 

ma in ta in  a constant  output vol tage a c r o s s  a v a r i a b l e  load. A s  the  load c u r r e n t  i n c r e a s e s ,  

the e f fec t ive  r e s i s t a n c e . o f  Q401 is d e c r e a s e d  so that the IR d r o p  a c r o s s  R402, R403, and 

a 4 0 1  will  r e m a i n  constant  producing  a constant output vol tage.  If the input a - c  l ine vol tage 

should i n c r e a s e ,  the d -c  vol tage a c r o s s  f i l t e r ed  c a p a c i t o r s  C401 and C402 would i n c r e a s e  

and the effective r e s i s t a n c e  of Q401 m u s t  i n c r e a s e  aga in  so that the outputvol tage  will r e m a i n  

cons tan t ,  

~. 

T r a n s i s t o r  P o w e r  Supply 
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Z-Z. The effective resistance of Q401 is controlled by the control section, consisting of

transistors Q402, Q403, Q404, and their associated circuitry. Q404 determines whether

the output voltage Js too high or too low and is followed by power amplifiers Q403 and Q402,

which amplify the control signal to the necessary power level for driving Q401. "!he base

voltage of Q404 is referenced from the output of 4.7v zener diode CR402. The emitter

voltage of Q404 is determined by the resistor divider network of R413, R414,andR415. The

voltage from the wiper of potentiometer R414 is applied to the emitter of Q404.

2-3. As the output voltage increases, the magnitude of the voltage from the wiper of

R414 will also increase proportionally. Since the output across zener diode CR402 remains

constant as the output voltage increases, the emitter voltage tends to go positive with respect

to the base voltage, driving Q404 toward cutoff. As Q404 goes toward cutoff, there is less

collector current through R410, so there is less base current in Q403. The emitter current

of Q403 decreases, reducing the current through R407 and base current of Q402. With less

base current in Q402, the emitter current decreases, reducing the base current of Q401.

With less base current, the effective resistance of Q401willincrease. Therefore, the output

voltage decreases until Q404 senses the correct relationship between the output voltage and

the zener voltage of CR402.

2-4. If the output voltage decreases below the desired value, the portion of the output

voltage applied to the emitter of Q404 also decreases, tending to make the emitter more

negative with respect to the base. This increases the collector current of Q404, which in-

creases the base current of Q403, thus increasing the emitter current of Q403 and the base

current of Q402. This in turn increases the emitter current of Q402 and the base current of

Q401, Which reduces the effective resistance of Q401, causing the output voltage to return to

its regulated value. Q404 actually is matching the zener voltage to the emitter voltage.

2-5. Since a portion of the output voltage applied to the emitter of Q404 can be varied by

potentiometer R414, and the emitter voltage of Q404 is to remain constant, the output voltage

must be changed as the resistor R414 is changed. Inthismanner, the regulated output voltage

canbe adjusted over a range of +9vto+13v. Capacitor C403 has been added to prevent hunting.

Resistors R40Z and R403 are included to limit the peak current through transistor Q401 to a

safe value if the output terminal is short circuited, and to provide reverse bias for Q401 and

Q402. Resistor R404 provides a path for the leakage current of Q402 so that this current does

not affect the base current inQ401, allowing Q401to be more nearly cut off during a light load.

3. -20v SUPPLY

3-1. A second portion of the output of transformer T401 is rectified by bridge rectifier

CR4Z1 and filtered by parallel resistors R421A and R421B, and capacitors C421, C42Z, and

C4Z3. The d-c voltage across capacitors C431, C422, andC4Z3is30v (approximate), Trans-

istors Q4Z1 and Q422 with their associated resistors R4Z3, R424, and R4Z2 act as a variable

resistance element in series with the output load, which can be varied to maintain a constant
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outputvoltageacrossavariableload. As the load current increases, the effective resistance
of Q4Z1 and Q422 is decreased so that the IR drop across R4ZZ, R423, R424, Q4Z1, andO4ZZ

will remain constant, producing a constant output voltage.

3-2. H the input a-c line voltage should increase, the d-c voltage across filter capacitors

C421, C422, and C4Z3 would increase, and the effective resistance of Q4Z1 and Q4Z2 must

increase again to keep the output voltage constant. The effective resistance of Q421andQ422

is controlled by the control section, consisting of transistorsQ423, Q424, and Q425 and their

associeted circuitry. Transistor Q4ZS determines whether the output voltage is too high or

too low and is followed by power amplifiers Q424 and Q423, which amplify the control signal

to the necessary power level for driving Q421 and Q422. The base voltage of Q425 is refer-

enced from the output by a 4.7v zenerdiodeCR4Z2. The emitter voltage of Q425 is determined

by a resistor divider network R434, R435, and R436. The voltage from the" wiper of potentio-

meter R435 is applied to the emitter of Q425.

3-3. As the output voltage increases, the magnitude of the voltage from thewiperofR435

will increase proportionally. Since the output across CR4Z2 remains constant as the output

voltage increases, the emitter voltage tends to become positive with respect to the base

voltage, driving Q425, which is an NPN transistor, toward cutoff. As Q425 goes toward

cutoff, there is less collector current through R431, and consequently, there is less base current

in Q424. With less base current in Q424, the emitter current of Q424 decreases. With less

emitter current inQ424, the current through R428 and the base current of Q423 also decrease.

This reduces the emitter current in Q4Z5 and 'reduces the base current in Q4Z1 and Q4ZZ.

Less basecurrentinQ421 and Q422 increases their effective resistance, which increases the

IR drop across them. Therefore, the output voltage decreases until Q425 senses the correct

relationship between the output voltage and the zener voltage of CR4ZZ.

3-4. Conversely, if the output voltage decreases below the desired value, the portion of

the output voltage applied to the emitter of Q425 also decreases, tending to make the emitter

more negative with respect to the base. This increases the collector current of Q4Z5, in-

creasing the base current of Q424, which in turn increases the emitter current of Q424 and

thebase current of Q423. This, in turn, increases the emitter current Of Q423 and the base

current of Q421 and Q422, reducing the effective resistance of Q4Z1 and Q4Z2, and causing

the output voltage to return to its regulated value. Transistor Q425 is actually matching the

zener voltage to the emitter voltage.

3-5. Since a portion of the output voltage applied to the emitter of Q425 can be varied by

potentiometer R435, and the emitter voltage of Q425 is to remain constant, the output voltage

will have to be changed as the resistor R435 is changed. In this manner, the regulated

voltage of this supply can be adjusted from -14v to -ZZv. Capacitors C425 and C424 provide

feedback for stabilization purposes.

3-6. ResistorsR4ZSandR4Z4servetwofunctions. First, they force the collector current

of Q4Z1 and Q4ZZ to balance. Since the bases are tied in common, if one transistor conducts
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more than the other, the higher IR drop ,,, their associated resistor would tend to reverse
bias the transistor with the most current and, in this manner, force thecurrents tobalance.

Second, if the output supply is shorted, resistorsR422, R423andR424limit the peak current

through Q421and Q422to a safevalue while fuse F402 is melting. Resi.qtor R425providesa
path for the leakage current of Q423 so that this leakage current does not affect the base
current in Q421 and Q422. This allows Q421 andQ422to be more nearly cut off during a
light load.

4. -65v SUPPLY

4-1. A third portion of the output Of transformer T401 is rectified by a bridge rectifier

CR441 and filtered by resistor R441 and capacitors C441 and C442. The voltage across

capacitor C441 and C442 is normally 75v {approximate}. Transistor Q441, and resistors

R442 and R443, act as avariable resistance element in series with the output load, which can

be varied to maintain a constant output voltage across a variable load. As the load current

increases, the effective resistance of Q441 is decreased so that the IR drop across R442,

R443, and Q441 will remain constant, producing a constant output voltage. If the input a-c

line voltage increases, the d-c voltage across filtered capacitors C441 and C442 will increase

and the effective resistance of Q441 must increase again so that the output voltage will re-

main constant.

4-2. The effective resistance of Q441 is determined by the control section, consisting of

transistors Q442, Q443, and Q444 and their associated circuitry. Q444 determines whether

the output voltage is too high or too low and is followed by power amplifiers Q443 and Q442.

These amplify the control signal to the necessary power level for driving Q441. The emitter

voltage of Q444 is referenced from the output by a 12v zener diode CR442. The base voltage

of Q444 is determinedbytheresistor divider network of R452, R453, and R454. The voltage

from the wiper of potentiometer R453 is applied to the base of Q444. The zener is referenced

from the positive side of this supply to reduce the emitter-to-collector voltage of Q443 and

Q444 to less than 25v.

4-3. /kstheoutputvoltageincreases, the magnitude of the voltage from the wiper of R453

will also increase proportionally. Since the output across zener diode CR442 remains

constant as the output volts increase, the base voltage tends to become negative with respect

to the emitter voltage, driving Q444 toward cutoff. As Q444 goes toward cutoff, there is less

collector current through R450 and less base current in Q443. The emitter current of Q443

decreases, reducing the current through R447 and the base current of Q442. With less base

current, the Q442 emitter current decreases, reducing the base current of Q441. With less

base current, the effective resistance of Q441 increases. Therefore, the output voltage de-

creases until Q444 senses the correct relationship between the output voltage and the zener

voltage of CR442.

4-4. If the output voltage decreases below the desired value, the portion of the output

voltage applied to the base of Q441 also decreases, tending to make the base more positive
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with respect to the emitter. This increases the collector current of Q444, increasing the

base current of Q443, and increasing the emitter current of Q443 and the base current of

Q44Z. This in turn increases the emitter current of Q442 and the base current of Q441, re-

ducing the effective resistance of Q441, and causes theoutputvoltagetoincreaseandtoreturn

to its regulated value. Q444 is actually matching the zener voltage to the base voltage.

4-5. Since a portion of the output voltage applied to the base of Q444 can be varied by

potentiometer R453, and the base voltage of Q444 is to remain constant, the output voltage

will have to be changed as the resistor R453 is changed. In this manner, the regulated output

voltage can be adjusted over a range of -60v to -70v. Capacitors C443 and C444 have been

added to prevent hunting. Resistors R442 and R443 are included to limit the peak current to

transistor Q441 to a safe value if the output terminal is short circuited, and to provide re-

verse bias for Q441. Resistor R444'provides a path for the leakage current of Q41Z so that

this current does not affect the base current in Q441. This allows Q441 to be more nearly

cut off during a light load. This -65vpower supply is stacked on the bottom of the -Z0v supply

giving a combined output of -85v.
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MAGNETIC CORES

1. GENERAL

A component commonly used in digital data handling equipment is a magnetic core. The

term magnetic core is usually applied to a small torroid composed of magnetic material

which has high permeability and also high retention. This material wiU have what is caned

a square hysteresis loop, shown in Point A, Figure MN-I. Because o_ this square hystere-

sis loop, there are two stable energy states, which make the cores adaptable to digital cir-

cuits. Magnetic cores are commonly used for shift registers, "and" gates, "or" gates,

and other logic circuits, in addition to their use as blocking oscillator transformers.

Z. THEORY OF OPERATION

Z- I. GENERAL

a. The action of a magnetic core can best be described by referring to the drawing of the

hysteresis loop (Figure MN-I). The magnetomotive force, or ampere-turns, applied to the

winding of a core is measured along the X axis. Magnetic flux density (gausses), or flux

lines per square centimeter, is being measured along the Y axis. Once a core has been

magnetized and had this magnetization reversed several times, the relationship between

_lux density and magnetomotive force is,described by the hysteresis loop in Figure MN-I.

b. With no current going through any of the core windings, the flux density will be either

at point D or at point H, depending upon the direction in which the core has most recently

been saturated. If the core is assumed to be at point D on the hysteresis loop and ampere-

turns are applied in the negative direction, the relationship between the flux density and the

magnetomotlve force will follow the llne DE. If additional ampere-turns are applied in the

negative direction, the core will go on to condition F, at which point saturation has occurred'

and additional ampere-turns of magnetqmotive force will result in only a minor increase in

flux level to point G.

c. H the current through the windings is now removed, the core will return to point H on

they hyster, esis loop. Even though there are no ampere-turns, there is still a flux density

proportional to OH in the core. The characteristics of the core material are such that this
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Figure MN-I. Square Hysteresis Loop

flux density will remain indefinitely as though it were a permanent magnetic. If the direc-

tion of current in the winding is reversed, positive ampere-turns are applied. This will

move the condition of the core from H to A and on to B, at which point the core is now satu-

rated in the positive direction and additional ampere-turns of magnetomotive force will

cause very little change in flux density to point C. When the current in the coil is removed,

the core will now go from C to D, where it will remain indefinitely until driven again.

d. The net change in flux, when going from a negative quiescent state to plus saturation,

is proportional to HJ. It should be noted that other windings on the magnetic core will sense

this change in flux and will generate a voltage proportional to the number of turns and the

rate of change of flux. Figure MN-Z shows a simple magnetic core with three windings on

it. If positive ampere-turns are then applied to winding No. 1, the core condition effective-

ly goes from D to B. Since the hysteresis loop is very square, the change in flux during

this time (proportional to DJ) is very small when compared to HJ. As a result, the voltage

generated in coil No. Z will be very small at this time.

e. If negative ampere-turns are again applied so that the core goes from D to E to F, the
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Figure MN-2. Simple Magnetic Core

change in flux will be proportional to DL. The voltage generated in winding No. 2 will now

be equal in magnitudes but opposite in polarity, to the voltage generated in that winding

when the core went from H to B. These pulses can be separated with diodes and used for

different purposes in logic circuits. The two stable states, D andH, are referred to as

the "0 t' state and the "1 w' state respectively.

2-2. MNII 'MAGNETIC CORE

a. A Milgo MNll magnetic core has four windings and associated components designed

specifically for shift register application {Figure MN-3). Pin 7 is connected to a -25v sup-

ply. The core drive pulse, applied to pin 1, travels from -25v to approximately zero volts

and return, with a rise time no greater than 5 microseconds and a fall time no greater than

10 microseconds. The pulse width must be at least 10 microseconds at 50 percent of meas-

ured points, but is normally approximately 40 microseconds wide.

b. This positive going pulse applied to pin 1 results in ampere-turns driving the core be-

yond positive saturation (Point C in Figure MN-I). When the core drive pulse has passed,

the core is left in state D, which is defined as "O" state. The voltage at pin 8 is normally

maintained at -25v but is raised to approximately -16v to insert a"l '_ into the core. It can

be seen that the current in the input winding, as a result of a positive going pulse applied to

pin 8, will magnetize the core in an opposite direction to that of the drive pulse. The state

of the core will go from D to G on the hysteresis loop (Figure MN-I), a_d when the input

pulse is passed, the core remains at H, which is defined as a "1H state.

c. When the next drive pulse occurs, the flux will travel from point H to Point Ci and
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transformer action of the core and windings will result in a positive pulse being generated

at the dot end of all four windings. This positive pulse will be approximately 9v in magni-

tude with a rise time of approximately 6 microseconds. Once the core has gone from nega-

tive saturation to positive saturation, there will be no more flux change even though the

drive pulse is still present, and no additional voltage is generated in the windings. This

switching time, which takes place in approximately 6 microseconds, determines the width

of the pulse generated by the windings.

d. The 9v pulse generated in the advance winding causes diode CR3 to conduct, and will

charge capacitor C3 to approximately -16v. After the core has switched to positive satura-

tion, the voltage at pin 6 will revert to -25v. Diode CR3, however, prevents capacitor C3

from discharging through the advance winding, so the charge is held on C3 until it discharges

through an external load.

e. During a core drive pulse, the voltage at pin 2 jumps from -25v to approximately zero

volts because of the IR drop in R1 caused by the shift current. With pin 2 at approximately

zero volts, diode CR2 will be reverse biased and no current can flow from pin 8 through CRZ

and the input winding. After the core drive pulse has passed, the -16v charge on one CR3

can now discharge through CR2 and the input windings of the next core, driving it to the "1"

state. A "1" can be inserted by raising pin 8 to -Ely, or more positive. It should be pointed

out that a "1" can also be inserted through pin 3, or by applying a pulse to pin 5, which be-

comes approximately 8v positive with respect to pin 4. If there is no "1" inserted between

core drive pulses, the next core drive pulse will drive the core from point D to point C on

the hysteresis loop, resulting in a very small change in flux density. This will result in a

very small voltage being generated in the windings (approximately 0.5v), giving a signal-to-

noise ratio of approximately 18 to 1.

f. It should be noted that energy transferred to a load while shifting out a "I" comes from

the core driver and not from the core. The energy in the core merely allows energy to be

transferred to the output winding while the core is acting as a transformer. The Milgo MN11

operates equally well on a power supply voltage of -Z0v instead of -Z5v as described.

Z-3. SHIFT REGISTERS

a. When connected to form a shift register, MNll cores are connected as shown in Figure

MN-3. If a positive going pulse is applied to pin 8 of the first core, a "1" will be inserted

into that core. During the next core drive pulse, all of the cores will be pulsed simultane-

ously, since they are connected in parallel. The resultant 9v pulse from the advance winding
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of the first core will charge the capacitor in the first core to approximately -10v. When

the first core has switched from minus saturation to plus saturation, there will no longer

be any voltage generated in the advance winding. CR3 of the first core will prevent the

capacitor from discharging through the advance winding, however, and CRZ in the second

core prevents this capacitor frpm discharging through the input winding of the second core.

CRZ is reverse biased because of the IR drop in the resistor of the second core caused by

the shift current.

g. When the shift pulse has passed, the pin 2 voltage of the second core will go back to

-25v and the capacitor in the first core may now discharge through the input winding of the

second core. The resultant current through the input winding is sufficient to drive the second

core from point D to point G on the saturation curve, so that when C3 is completely dls-

charged, the second core will be in a 4'I" state. While this second core was being switched

from plus saturation to minus saturation, flux linkages were changing in all of the windings

of this core, with the result that a voltage was generated in all of these coils with the dot end

of the winding negative. Diode Ca1 will prevent any current flow in the drive winding as a

result of the generated voltage, and the diode CR3 will prevent any current flow in the ad-

vance winding as a result of this generated voltage.

h. During the next core drive pulse, core Z is switched from minus saturation to plus

saturation, resulting in the output capacitor of the second core being charged. After the

second core drive pulse, the discharge current from this capacitor will insert a "1" into

the third core and so on to the last one. Since both ends of the auxiliary winding are brought

out, the auxiliary winding may be used to generate either a positive going or negative going

9v pulse. This auxiliary pulse will be approximately 9v in magnitude, with a rise time of

six microseconds and a fall time of approximately one half microsecond. In addition, the

auxiliary winding can be used to insert "lts '' into the core by applying a suitable positive

pulse to pin 5 or a suitable negative pulse to pin 4. Pins Z, 3, and 6 are brought out for

additional flexibility in adapting the MN11 core to logic circuits.

Z-4. BLOCKING OSCILLATORS

a. The use of transformers for blocking oscillators is common and widely understood. It

is also possible to use a square loop magnetic core as a blocking oscillator transformer

with some desirable results in control of pulse width. Figure MN-4 shows the connections

of either an MNIZ or an MN13 as used in a blocking oscillator.
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Figure MN-4. Blocking Oscillator (MN12 or MN13)

b. The 9-1 winding is the coUector winding and could be compared to the primary winding

o1 a transformer. The 2-3 winding is the feedback winding and could be compared to the

secondary winding of a transformer. The 4-5 winding is the reset winding and has no coun-

terpart in a conventional transformer. The reset winding is so connected that the Current

through the reset winding will drive the core into negative saturation. The transistor will

normally be cut off, but when triggered by a negative pulse at the input, will go into con-

duction. The resulting collector current applies positive ampere-turns to the core and the

flux moves from H toward A and B. The resulting flux change in the core is sensed by the

feedback winding and a voltage is generated, making pin 3 negative. This negative going

voltage is applied to the base of the transistor and drives the transistor into heavier con-

duction.

c. As the transistor conducts more heavily, the rate of change of flux increases, resulting

in an even more negative voltage being applied to the base of the transistor. This feedback

very quickly saturates the transistor (approximately one microsecond), but the collector

current is limited by resistor KZ and the voltage generated in the collector winding of the

core. As long as the core ie still in the process of switching from minus saturation to plus
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saturation, the core and its windings act as a transformer and the feedback.winding conti-

nues to drive the transistor into saturation. When the core has finally reached saturation

(B on hysteresis curve, Figure MN-I), additional ampere=turns from the collector winding

will no longer result in a change of flux and no additional voltage wlU be generated in the

feedback winding. This removes the drive to the transistor, which immediately cuts o£f,

removing the ampere-turns from the collector winding.

d. Current through resistor 113 and the reset winding now starts to apply ampere-turns in

the nega_tive direction again and drives the core from position D to F. This results in a re=

verse/ Of flux in the corej which reverses the voltage generated in the feedback winding.

Pin 3 now becomes slightly positive, insuring a rapid cutoff of the transistor. Since the

duration of the output pulse depends on the time it takes to switch the magnetic core, the

pulse width depends on the core used and is relatively independent of the load on the block-

ing oscillator.

e. Two blocking oscillator cores are used in Milgo equipment: an MNI2 and an MNI3.

The MNI2 will cause a pulse approximately 10 microseconds wide to be generated by the

blocking oscillator, while the MNi3 will cause a pulse approximately 40 microseconds wide

to be generated. It takes approximately 30 microseconds to reset an MNI2 core and approx-

imately 80 microseconds to reset an MNI3 core.
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TN 28

RELAY DRIVING FLIP-FLOP

A TNZ8 is a bistable flip-flop which can be used for driving a relay coil or other

loads of 500 ohms or more. The external load {shown on the schematic diagram in phantom

between pins 8 and 1) is a special net@ork used in conjunction with a 350 ohm relay coil

which has permanent magnet bias and requires plus and minus currents for optimum oper-

ation. The network is normally defined as being in the "off" or "0" condition when tran-

sistor QI is saturated and QZ is cut off, leaving the relay de-energized. The 'ton TM or _tl"

condition is the opposite, with Q1 cut off and QZ saturated, causing the relay to energize.

Assuming that QI is saturated, then its collector is approximately -0.25 volts. Resistors

R4 and R5 are then connected from +,.15 volts to 0 volts and by divider action hold the

base of Q2 at approximately +3.5 volts. Since the emitter at Q2 is at 0 volts, this re-

verse bias keeps QZ cut off. With Q! saturated, its base is at approximately -.05 volts; so

the current through resistor R1 is approximately 0.25 milliamps. The current through the

series combination of R?- and the external load resistor, which may very from 500 ohms to

5K, varies from 0.53 to 0.48 mil liamps. The difference between the currents in R1 and R2

is the base current of Q1, which is sufficient to drive Q1 to saturation. This satisfies the

original condition, so this condition is a stable one. The input voltages at pins 3, 6 and 7

must be somewhat negative during quiescent conditions. The flip-flop may be turned _'on"

by raising the voltage at pin 3 to a positive value so that diode CR1 conducts, raising the

base voltage of Q1 to a positive value. Note that the input pulse will be loaded somewhat,

so it cannot be generated by a high impedance source. With the base of Q1 positive, Q1 is

now reverse biased and cut off. WithQ1 cut off, R4 and R5 are no longer connected bet-

ween 0 and +15 volts, and Q_ is no longer clamped off. Instead, Q2 base current may

now flow through resistors R5 and R3, causing QZ to saturate. Now resistors R1 and RZ

are connected f r0m +15 to 0 volts and hold the base of Q1 at approximately +6 volts,

keeping Q1 in a cut off condition after the input pulse passes. This, then, is the other stable

c_ndition which will be maintained until QZ is cut off by a positive pulse at either pin 6 or

pin 7. A positive pulse at either of these pins turns QZ off, allowing base current from Q1

to be conducted through RZ and the external load, driving Q1 back into saturation and re-

storing the initial condition. Diode CRZ is included to suppress the voltage of an external

relay coil connected across pins 8 and 1. As QZ goes from saturation to cutoff, the relay

coil is de-energized. However, the inductance of the relay coil attempts to maintain the

current through the relay coil by driving the voltage at pin 8 much more negative than the

-Z6 volt supply. If this were allowed to happen, QZ could be damaged by excessive emitter-

collector voltage. To prevent this from happening, diode CRZ is added. During most

phases of the cycle, GRZ is reverse biased and so does not enter into the operation of the

circuit. When the relay is de-energized and pin 8 is driven negative by the relay inductance,

GRZ is forward biased and conducts, providing a path for current through the relay coil
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and ellminatlng the voltage .pike. Although the description of operation of this network has

been based on voltages of +15 volts and -25volts, thls network will operate equally onvolt-

ages of +12 volts and -20 volts or +I0 volts and -15 volts.
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TN 42

RELAY DRIVING COUNTING FLIP-FLOP

TN4_ is a counting type bistable flip-flop which can be used to drive a relay coll or

other loads 500 ohms or more. The external load which is shown on the schematic diagram

as dotted between pins 8 and 1 is a special network used in conjunction with a 350 ohm relay

coil which has permanent magnet bias and requires plus and minds currents for optimum

operation. The network is normally defined as being in the "off" condition when transistor

Q1 is saturated and Q2 is cut off leaving the relay de-energized. The "on" or "l" condition

is in the opposite, with Q1 cut off and QZ saturated causing the relay to energize. If we

assu, me that Q1 is saturated then its collector will be at approximately -0.25 volts. Re-

sistors R3 and IR5 are then connected from +15 to 0 volts and by divider action hold the base

of Q_ at approximately +3.5 volts. Since the emitter at QZ is at 0 volts, this reverse bias

will keep Q2 cut off. With Q1 saturated its base will be at approximately -0.5 volts so the

current through resistor IR] is 0.25 ma. The current through the series combination of R4

and the external load resistor, which may vary from 500 ohms to 5K, willvary from 0.53

to 0.48 rna. The difference between the current in R1 and the current in R4 is the base current

of QI, which is sufficient to drive QI to saturation. This satisfies the original condition, so

that condition is a stable one. The inpu_ voltages at plns 3 and 6 must be somewhat negative

during quiescent conditions. The flip-flop may be turned "on" by raising the voltage at pin 3

to a positive value so that diode CRI will conduct, raising the base voltage of QI to a positive

value. 'It should be noted that the input pulse will be loaded somewhat so it cannot be generated

by a high impedance source. With the base of QI positive, QI is now reverse biased and cut

off. With Q1 cut off R3 and R5 are no longer connected between 0 volts and +15 volts and Q_

is no longer clamped off. Instead, QZ base current may now flow through resistors IR5 and

R6 causing Q?- to saturate. Now resistors IR1 and R4 will be connected from +15 to 0 volts

and will hold the base of Q1 at approximately +6 volts, keeping QI in a cut off condition after

the input pulse passes. This then is the other stable condition, which will be maintained until

Q?- is cut off by a positive pulse at pin 6. A positive pulse at pin 6 will turn Q2 off, allowing

the base current from QI to be conducted through R4 and the external load, driving QI back

into saturation and restoring the initial condition. Diode CIR5 is included to suppress an ex-

ternal relay coil connected across pins 8 and I. As Q2 goes from saturation to cut off the

relay coil lade-energized. However, the inductance of the relay coll will attempt to maintain

the current through the relay coll by driving the voltage at pin 8 much more negative than the

-76 volt supply. If this were a11owed to happen Q_ could be damaged by excessive emitter-

collector voltage. To prevent this frorn happening, diode CR5 is added. During most phases

of the cycle CIR5 will be reverse biased and therefore will not enter into the operation of the

circuit. But when the relay is de-energized and pin 8 is driven negative by the relay inductance,

CR5 is now forward biased and conducts, providing a path for current through the relay coil
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and eliminating the voltage spike.

The actions Just described cover the operation of this network as a conventional bi-

stable flip-flop which requires a turn-on pulse and a turn-off pulse. In addition, this network

can be used for counting by using the pin 7 input. R2 and R7 act as a divider network which

establishes their Junction at -4.5 volts. Since the bases of QI and QZ are either at -0.5 volts

or at a positive voltage, both GRZ and GR3 will normally be reverse biased and non-conducting.

By applying a positive pulse approximately 10 volts high with a rise time of approximately

0.5 microseconds to pin 7, the junction of R2 and R7 will be raised to +5.5 volts until G3

discharges. This will permit both GR2 and GR3 to conduct, which will cut off both QI and Q3

simultaneously. Assume the condition before the input pulse was QI saturated and (_2 cut _ff.

When both are cut off by the input pulse there will be no drop in voltage at the collector of QZ,

hence no pulse coupled through CI. But when QI cuts off the resulting drop in voltage at the

QI collector is coupled through CZ to the base of QZ. The result is that when the input pulse

has been differentiated (G3 charges up) and no longer has an ef(ect, GZ forces QZ to conduct.

When the next positive pulse is applied to pin 7, the resulting drop in voltage at the Q2 collector

will force QI to turn on first. In this way the state of the network will change from a "0" to

a 'fI" or reverse for every positive pulse that is applied to pin 7.
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TN 51

ONE-SHOT (MONOSTABLE MULTIVIBRATOR)

The TN51 is a one-shot (monostable multivibrator) used for generating a pulse,

variable in width from a minimum of 160 microseconds to over Z milliseconds. In the

quiescent condition, transistor QI is saturated by the base current through resistor R3.

Since transistor QI is saturated, voltage divider R7 and R8 is connected between +15 volts

and 0 volts, establishing a positive reverse bias voltage 6n the QZ base and keeping QZ

cut off.

Resistors R1 and RZ form a voltage divider, establishing a noise bias of approximatel F

-Z.5 volts, so that normal input noise does not trigger the network. A positive pulse of not

less than 10volts, with a rise time not greater than 4 microseconds, will trigger the net-

work by cutting off transistor QI. Transistor Q1 is cut off when the input pulse raises the

base voltage of transistor Q1 above 0 volts. Capacitor Cl is used to differentiate the input

pulse so that a long duration input pulse will not affect the length of the output pulse.

With Q1 cut o_f, resistors R4 and R7 provide a path for the base current of transistor

QZ, and QZ saturates. The collector voltage of transistor QZ will rise from -Z5 volts al-

most to 0 volts. This rise of voltage is coupled to the base of transistor QZ via capacitor

CZ, keeping transistor QI at cut off until the R-C time of capacitor CZ and resistor R3 allows

the base voltage of transistor Q1 to return below 0 volts. Q1 saturates again and cuts off

QZ.

This time can be lengthened by adding capacitance in parallel with capacitor CZ. The

terminals of CZ are brought out on pins 6 and 7 of the network. CRZ is used to decrease

the fall time of the output pulse by preventing CZfrom dlschargingthrough R6. Resistor R5

provides a d-c path for the current of CZ., This network will operate on lowe_ supply volt-

ages such as +IZ volts and -Z0volts, or +i0volts and -15 volts.
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TN 57

DUAL PULSE AMPLIFIER

The TN57 contains two PNP transistors connected as two independent conventional amplifiers.

Only one of these will be discussed since the other iS identical to It. As normally used, a

supply voltage is connected to pins 3 and l.with the plus side on pin 3. Pin 2 will be the input

and pin 4 the output. As long as pin 2 is more positive than pin 3 the transistor is cut off

and the voltage at pin 4 will be the same as the voltage at pin I. When pin 2 is approximately

0.5 volts negative with respect to pin 3 the transistor will saturate and the voltage at pin 4 will

go positive until it saturates, approximately 0.25 volts more negative than the emitter. Caution

.must be used to connect an external base resistor in series with pin 3 to prevent damage to

the transistor.. The value of the externalbase resistor is dependent upon how negative the

driving voltage goes and upon the external load that is connected to pln 4. To insure saturation

the base current should be at least 1/20th of the collector current.

The TN57 may also be used in a variety of applications by the addition of external

components.
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TN 58

DUAL EMITTER FOLLOWER

A TN58 consists of two NPN transistors connected as independent emitter followers. As

normally used, a supply voltage is connected to pins 4 and I with the plus side on pin 4. As

the voltage at pin 2 is varied, between the voltages at pins 4 and I, the transistor will conduct

and the voltage at the emitter, pin 3, will be approximately 0.4 volts more negative than the

voltage at pin 2. Because of the power gain of the transistor a lower impedance load can be

driven from pin 3 than could have been driven from the signal applied to pin 2.

The TN58 may also be used in a variety of applications by the addition of external com-

ponents.
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TN 130B

CORE. DRIVER

The TNI30B is a blocking oscillator with amplifier which generates a positive going

pulse from -20 volts to 0 volts, with a time duration determined by the core with which it is

used. The TNI30B is normally used with a MEC Model MNI3 core, which gives it a pulse

width of approximately 40 microseconds.

In the quiescent condition, transistor Q1 is maintained in cut off. ,The emitter voltage

of Q1 is determined by the forward voltage drop of diodes CR2 and CR4 (I, 5 volts) and is at

approximately -18.5 volts. The base of Q1 is returned to -Z0 volts through R2 and the

feedback winding of the core, connected from pin 5 to -20 volts. The d-c impedance of the

feedback winding is approximately 5 ohns; thus the base of Q1 is nea.rly -20 volts, keeping

Q1 reverse biased approximately 0.7 volts and properly cut off. Since there is no Q1 col-

lector current, the collector voltage is +12 volts.

A positive going input pulse at pin 3 is coupled by capacitor CI, diode CR1, and

capacitor C2, paralleled with R2 to the base of Q1. This pulse starts Q1 conducting. The

resulting Q1 collector current passes through the collector winding of the external core.

This generates a voltage across the collector winding coupled through the core to the feed-

back winding. By noting the phasing of the windings on the core, it can be seen that, as the

collector voltage becomes negative, the voltage at pin 5 is becoming positive. This in turn

drives Q1 further into conduction, even after the input pulse has been differentiated by CI.

Q1 saturates in approximately one microsecond with an emitter-collector voltage of approxi-

mately 0.25 volts. QI will remain saturated as long as transformer action in the core

continues to drive pin 5 of the TN network sufficiently positive to cause Q1 base current to

flow. The pulse width (approximately 40 microseconds for an MN13 core) is determined by

the characteristics of the core.

When the core material finally reaches saturation, transformer action in the core will

cease, the feedback winding will no longer drive pin 5 positive, and Q1 base current will

stop. This cuts off Q1. With no current in the collector winding of the core, the current

in the reset winding resets the core. This reset current is furnished to the reset winding

(pins 4 and 5 of the core)through resistor R4 and diodes CRZ and CR4. This involves going

from the plus saturation condition attained during the output pulse to a minus saturation

condition (reset). During this time, the voltages at the feedback winding and the collector

winding are reversed. The reversal of a voltage at the feedback winding increases the re-

verse bias on Q1. The reversal of voltage in the collector winding tends to drive the output

voltage somewhat more positive than the +12 volts on pin 7. It takes approximately 30

microseconds for the reset action to be accomplished.
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The amplifier section QZ is normally biased to cutoff by voltage divider R7 and R6,

With no collector current flowing, the quiescent collector voltage of QZ is -20 volts. The

negative going pulse generated by the blocking oscillator section is coupled to the amplifier

base through CR3, R5, and C3. The diode provides for rapid cut off of the amplifier, there-

by minimizing the fall time. R5 and C3 serve as base current limiting and rise time deter-

minants. The load is connected between -20 volts and 0 volts and should be limited to no

less than 8 ohms (20 to 24 MNII cores).
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TN 138 B

ONE-SHOT WITH EMITTER FOLLOWER OUTPUT

The TNI38B is a one-shot (monostable multivibrator) with an emitter follower output.

This network can drive low impedance loads because of the emitter follower output.

The network's quiescent state is with Q1 saturated and with QZ cut off. The base of Q1

is forward biased by R3 which is connected to -Z5 volts, thus saturating Q1. Since Q1 is sat-

urated, the base of QZ is reversebiased by the voltage divider 1R7 and R8 between +15 volts

and the collector of Q1 (0 volts}. With QZ cut off, its collector is at approximately -Z5 volts;

therefore the base of Q3 is at the same voltage as the emitter of Q3, keeping Q3 near cut off.

Pin 7 will be at -Z5 volts and pin 5 will be at 0 volts. The resistor divider of R1 and 1RZ will

maintain a reverse bias on diode CR1 of approximately Z.Z volts for protection against noise

impulses, When a positive pulse of sufficient amplitude is applied to pin 3 to cause conduction

of CR1, transistor Q1 will be cut off. The collector of Q1 will therefore go negative toward

-Z5 volts. This negative going voltage potential is coupled to the base of QZ through C3 and

R7. This will cause the base of QZ to go negative with respect to the emitter. QZ will now

conduct, and starts to saturate rapidly. The collector of QZ will now go positive from -Z5volts

to 0 volts. This voltage change, being coupled through CZ to the base of Q1, will keep Q1 cut

off after the input pulse has passed. CZ has now been charged, and will start to discharge

through 1R3. When CZ has discharged sufficiently to allow the base of Q1 to return to its qui-

escent negative potential, Q1 will saturate• As Q1 saturates, its collector will go positive,

Due to the resistor divider of 1R7 and 1R8, the base of QZ will also go positive, reverse biasing

QZ and cutting it off. The one-shot has now returned to its quiescent condition.

The time constant of 1R5 and GZ determines the pulse width, which is about 1 microsecond.

By adding external capacity across pins 6 and 8, the RG time constant is increased and thus

the pulse width is increased. When QZ is saturated, the base of Q3 will be positive in respect

to the emitter, and this will cause Q3 to go into saturation. Pin 7, the output of the emitter

follower, will go to 0 volts. Q3 will be in saturation as long as Q2 is in saturation. When

Q2 is cut off, Q3 will be near cut off, and pin 7 will return to -g5 volts.

Although the description of operation has been based on voltages of +15 volts and -Z5

volts, this network will operate equally on voltages of +10 volts and -15 volts.
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TN 150

SCHMITT TRIGGER

1. TN150 is a Schmitt trigger preceded by an emitter follower which presents an input

impedance at approximately 70,000 ohms at pin #3. The circuit switches rapidly (in

approximately 0.3 microseconds) from one state to the other with either a pulse or dc

level change on pin #3 input. With the input disconnected or at a positive level, transistors

Q1 and Q2 are cut-off and transistor Q3 is conducting.

2.. Transistor Q1 is cut off by resistor R8 returning the base of Q1 to a more positive

voltage than the emitter, and Q2 is cut-off by resistor Rl returning the base of Q2 toa

more positive voltage than the emitter of Q2. The emitters of Q2 and transistor Q3are

at a negative voltage -E 2 developed by the current flow through resistor i_3, Q3, and

resistor R7. Transistor Q3 is conducting because the base is forward biased by the re-

sistor divider consistir_g of resistors R2, R5, and R6; since Q2 is cut-off. When the input,

pin #3, is taken to a negative voltage, Ql is turned on, which makes the emitter of QI go

negative (-25 volts). This will forward bias Q2, causing it to conduct. When Q2 is

conducting, the base voltage _of Q3 is raised to a more positive value than the emitter

voltage, thus reversir_ the bias on Q3 and cutting it off. This causes the collector voltage

of Q3 to go from approximately -3 volts to -25 volts. Capacitor CI is used to speed up the

switching time. The outputs, pin #7 and pin #5, are opposite polarity pulses from -25

volts to -3 volts. When the output is removed or goes positive, the circuit is returned

to the original state.

3. Although the description of operation has been based on power supply voltages of

-25 volts, this network will operate equally well on supply voltages down to -i0 volts.
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